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INTRODUCTION 


In  1966  the  Illinois  State  Geological  Survey  received  a  demonstra- 
tion grant  from  the  Solid  Waste  Management  Office  of  the  United  States  Envi- 
ronmental Protection  Agency  (EPA)  to  study  the  hydrogeology  of  solid  waste 
disposal  sites  in  northeastern  Illinois  (Fig.  l).   This  work  was  completed  in 
1970  and  a  final  report  was  submitted  to  the  Solid  Waste  Management  Office 
(Hughes  et  al. ,  1971a).   The  Illinois  State  Geological  Survey  continued  to 
gather  data  from  the  disposal  sites  until  the  spring  of  1973;   this  report 

represents   a  compilation  of  those 

,  .  T wis. 

CLcLbEL  •  ill 


There  have  "been  no  major  changes 
in  the  conclusions  and  interpreta- 
tions presented  in  the  Geological 
Survey's  final  report  to  the  EPA. 
However,  additional  work  was  neces- 
sary to  verify  the  data  on  infiltra- 
tion and  water  quality  since  that 
phase  of  the  final  report  was  based 
on  only  one  year  of  records.  Basic 
data,  such  as  the  location  of  the 
borings,  have  not  been  included  in 
this  supplemental  report.  The  reader 
should  refer  to  Hughes  et  al.  ( 1971a 
and  b)  for  this  information. 

This  report  is  divided  into  two 
parts.  The  first  deals  with  the  hy- 
drogeology of  the  solid  waste  dis- 
posal sites;  the  second  deals  with 
the  quality  of  the  water  in  the  vi- 
cinity of  these  sites.  The  appendix 
lists  the  analytical  procedures  that 
were  used. 
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HYDROGEOLOGIC  DATA 


Infiltration 


Tat>le  1  (an  updating  of  Table  19  in  Hughes  et  al.,  1971a)  presents 
data  on  infiltration  and  specific  yield  at  four  landfill  sites  for  the  period 
1968  to  1972.   This  table  shows  that:   l)  Calculations  of  recharge  (cumulative 
annual  rise  in  the  hydrograph  x  specific  yield),  based  on  continuous  hydro- 
graphs,  and  calculations  of  recharge,  based  on  hydrographs  constructed  from 
weekly  measurements,  yield  similar  values.   2)  The  values  for  the  specific 
yield  (effective  porosity)  of  the  refuse  are  on  the  order  of  25  percent  and 
do  not  show  decreasing  values  with  increasing  age  of  refuse,  as  was  indicated 
by  Hughes  et  al.  ( 1971a,  Fig.  23).   3)  In  most  cases  variations  in  the  annual 
precipitation  resulted  in  similar  variation  in  annual  recharge.  h)   Annual  re- 
charge was,  for  the  most  part,  less  than  one-half  of  the  annual  precipitation. 

Depending  upon  climatic  conditions  and  upon  recharge  by  precipita- 
tion, production  of  leachate  in  the  landfill  can  occur  in  all  months  of  the 
year.   Figure  2  is  a  graph  of  the  cumulative  monthly  hydrograph  rise  at  DupLW7 
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Fig.  2  -  Graph  showing  cumulative  monthly  hydrograph  rise  from  October  1,  1968 
to  October  1,  1972. 
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and  DupLW13  (located  at  the  Old  Du  Page  County  landfill)  for  successive  years 
beginning  October  1,  1968.   The  following  conclusions  can  be  drawn  from  these 
data:   l)  There  is  little  recharge  in  January  or  February  because  the  ground 
is  frozen.   2)  In  March,  April,  and  early  May,  recharge  is  greatest  because 
of  the  spring  thaw,  the  high  precipitation,  and  the  low  evapo-transpiration 
during  these  months.   3)  By  late  May  the  temperature  has  increased  and  vege- 
tation is  established  so  that  recharge  decreases  as  the  evapo-transpiration 
increases;  during  the  period  from  late  May  through  August,  recharge  occurs 
only  after  a  series  of  relatively  large  rainfalls.  k)    In  September,  October, 
November,  and  December  temperatures  are  again  lower,  vegetation  is  dying,  and 
evapo-transpiration  has  decreased;  during  these  months  there  is  usually  a 
significant  amount  of  recharge,  though  not  as  large  as  that  occurring  in  the 
spring. 

Figure  3  is  a  graph  of  the  percentage  of  the  monthly  precipitation 
that  infiltrates  through  the  landfill  to  the  water  table.   These  data  illus- 
trate the  fact  that  the  production  of  recharge  and  leachate  is  related  not 
only  to  monthly  precipitation,  but  also  to  soil  moisture  conditions,  freezing 
or  thawing  conditions ,  and  the  intensity  and  duration  of  individual  precipi- 
tation events.   Recharge  that  is  in  excess  of  that  normally  caused  by  precipi- 
tation may  be  caused  by  snow  and  brief  winter  thaws,  as  is  illustrated  in 
Figure  3  by  the  high  recharge  values  for  January  1969,  February  1971,  and  Feb- 
ruary 19T2.   The  high  values  in  April  1969,  March  1970,  and  April  1972  were 
caused  by  the  frost  coming  out  of  the  ground  during  the  spring  thaw,  coupled 
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Fig.  3  -  Graph  showing  the  percent  of  monthly  precipitation  infiltrating  through 

landfill  to  water  table  at  DupLW7  from  October  1,  1968  to  October  1,  1972. 


with  spring  rains;   the  high  values  in  July  19&9  an<^  September  1970  were  caused 
"by  relatively  heavy,  continuous  precipitation.   The  yearly  pattern  of  recharge 
and  accompanying  leachate  production  will  influence  the  sizing  of  collection 
and  treatment  facilities. 

Specific  Yield 

The  value  of  specific  yield  (sometimes  referred  to  as  the  effective 
porosity)  for  refuse  is  obtained  "by  dividing  the  amount  of  water  entering  the 
refuse  (precipitation)  "by  the  resultant  rise  in  the  hydrograph  when  the  refuse 
is  at  field  capacity.   The  values  given  in  Table  1  are  estimates  "based  on  sub- 
jective interpretation  of  data.   Low  values  for  specific  yield  are  generally 
calculated  from  hydrographs  made  in  late  winter  and  early  spring;   high  values, 
from  hydrographs  made  during  the  rest  of  the  year. 

The  low  values  of  specific  yield  are  calculated  when  precipitation 
is  supplemented  by  additional  water  from  melting  snow  or  ice,  or  from  the 
frost  in  the  ground  melting  and  moving  to  the  water  table.   Under  these  cir- 
cumstances, the  hydrograph  may  exhibit  a  gradual  rise  that  does  not  reflect 
individual  precipitation  events  and  a  rise  that  continues  for  one  to  three 
weeks.   A  low  value  is  also  obtained  when  the  water  level  is  in  the  cover  ma- 
terial on  top  of  the  refuse.   This  is  a  true  specific  yield  that  applies  to 
the  landfill  cover  only,  rather  than  to  the  refuse. 

High  values  of  specific  yield  are  obtained  when  part  of  the  precip- 
itation that  falls  does  not  infiltrate  the  refuse.   This  may  occur  when  the 
precipitation  falls  as  snow,  when  there  is  runoff  from  intense  rain,  or  when 
ice  is  formed  in  frozen  ground.   High  values  also  result  when  evapo-transpira- 
tion  lowers  the  moisture  content  of  the  cover  material  and  the  unsaturated 
refuse  to  below  field  capacity;   then  a  portion  of  the  infiltrating  water  is 
required  to  satisfy  this  moisture  deficiency. 

Calculations  of  both  specific  yield  and  infiltration  are  affected 
by  barometric  changes  and  by  rapid  rises  in  water  levels.   Barometric  effects 
are  not  consistent  throughout  the  year;   they  seem  to  be  magnified  by  a  high 
moisture  content  in  the  landfill  cover  or  by  frozen  ground.   Rapid  rises  in 
water  levels  may  be  related  to  the  downward  movement  of  a  wetting  front  from 
a  rain  or  thaw,  and,  possibly,  rises  may  be  related  to  the  loading  of  the  land- 
fill and  to  the  compression  of  the  refuse  by  the  weight  of  snow  or  water  on 
the  cover  of  the  landfill. 

Field  Capacity 

The  amount  of  water  necessary  to  bring  the  refuse  that  lies  above 
the  zone  of  saturation  to  field  capacity  would  influence  the  rate  of  develop- 
ment of  a  ground-water  mound,  and,  ultimately,  the  amount  of  leachate  produced 
as  springs  or  that  flows  to  a  treatment  facility.   Field  capacity  is  the  amount 
of  water  held  by  the  soil  (or  refuse)  against  the  pull  of  gravitational  drain- 
ing.  Our  judgment  of  when  field  capacity  has  been  reached  is  quite  subjective; 
it  is  based  on  the  general  configuration  of  hydrographs  of  wells  that  are  com- 
pleted in  the  refuse.   The  hydrographs  from  wells  in  older  refuse,  which  we 
assume  has  reached  field  capacity,  show  a  more  rapid  response  to  infiltration 
events  and  to  smaller  amounts  of  infiltration,  than  do  the  hydrographs  from 
wells  that  are  completed  in  younger  refuse. 


Data  that  could  determine  how  much  water  was  actually  needed  to 
"bring  the  refuse  to  field  capacity  and  how  great  an  effect  this  need  would 
have  on  leachate  discharge  from  a  landfill  were  not  available  from  the  hydro- 
graphs.   There  is  some  question  that  a  hydrograph  that  shows  little  response 
to  precipitation  does,  in  fact,  indicate  that  the  refuse  has  not  reached  field 
capacity.   However,  the  water  that  is  required  to  bring  refuse  to  field  capac- 
ity and  to  develop  a  ground-water  mound  would  act  to  reduce  the  amount  of 
leachate  that  is  produced  from  a  landfill  until  these  requirements  are  satis- 
fied.  It  appears  that  in  these  particular  landfills  field  capacity  was  reached 
in  h   to  T  years. 

Development  of  Ground-Water  Mound 

Table  2  shows  changes  in  the  annual  low  water  level  in  the  landfills 
between  1968  and  1973  as  measured  by  piezometers  placed  in  refuse.   During 
the  winter  of  each  of  these  years,  there  was  a  one-  to  two-week  period  of  rela- 
tively stable  water  levels  when  the  ground  was  frozen.   This  commonly  corre- 
sponded with  the  annual  low  water  level;   these  are  the  values  on  which  Table 
2  is  based.   The  water  levels  in  a  well  point  placed  in  younger  refuse,  such 
as  at  Du  Page  LW13  and  Winnetka  LW17 ,  show  a  consistent  rise  each  year,  where- 
as the  water  levels  in  a  well  point  in  older  refuse,  such  as  Du  Page  LW7  and 
Winnetka  LW13,  tend  to  maintain  a  relatively  constant  elevation. 


We  believe  that  these  water-level  data  indicate  that  the  ground- 
water mound  in  the  older  refuse  is  in  equilibrium  with  infiltration.   The 
mound  will  rise  in  response  to  the  infiltration  of  the  precipitation  and  then 
fall  to  its  original  level  as  the  ground  water  drains  away  through  the  sides 
and  base  of  the  landfill.   In  younger  refuse  the  ground-water  mound  continues 
to  grow  each  year,  and  the  mound  does  not  decline  to  its  original  level  during 
dry  periods.   Also  the  water-level 
rises  are  greater  during  periods  of 
high  precipitation  than  are   shown 


TABLE  2  -  CHANGES  IN  LOW  WATER  LEVELS 
DURING  WINTER  FROM  1968  TO  1973* 


in  the 
refuse. 


well  points  in  the  older 


The  growth  of  a  ground-water 
mound  will  promote  the  development 
of  springs  along  the  margin  of  the 
landfill,  but  until  this  mound  is 
fully  developed  the  amount  of 
spring  flow  will  not  reach  its  max- 
imum. The  absence  of  a  consistent 
relationship  on  Table  2  suggests 
that  the  rate  of  growth  is  influ- 
enced by  factors  other  than  the  age 
of  the  refuse.  An  example  of  the 
inconsistency  is  shown  by  Du  Page 
LW13 ,  which  is  in  refuse  buried  in 
1963,   but   shows  a  larger  increase 


Well 
no. 

Year  of 
burial 

1968-69t 
(ft) 

1969-70 
(ft) 

1970-71 
(ft) 

1971-72 
(ft) 

1972-73 
(ft) 

Du  Page 

LW7 

1954 

0 

-0 

.25 

+0 

.35 

-0, 

65 

+0. 

85 

MM32 

1955 

0 

-0 

,25 

+0 

,75 

-1, 

80 

+0, 

10 

MM29 

1960 

0 

+0 

.80 

+1 

.75 

-0, 

40 

+1, 

.50 

LW13 

1963 

0 

+1 

,55 

+3 

,80 

+3, 

10 

+5. 

.00 

Winnetka 

LW5B 

1948 

0 

-0, 

,25 

-1 

.25 

+0. 

15 

-1. 

.35 

LW13 

1953 

0 

-TO, 

25 

-0, 

60 

-0. 

70 

0 

LW11 

1964 

0 

+0, 

50 

+0, 

25 

+0. 

15 

0 

LW17 

1967 

0 

+0. 

90 

+2, 

.40 

+2. 

50 

+3. 

90? 

Woodstock 

LW6B 

1963? 

0 

0 

+0, 

15 

-0. 

10 

+0. 

70 

LW7 

1963? 

0 

-0. 

20 

+0. 

30 

-1. 

20 

+0. 

85 

LW8 

1967 

0 

-0. 

30 

+0. 

40 

-0. 

35 

+1. 

45 

Low  value  during  a  period'  when  the  hydrograph  is  relatively  flat  because  the 
mean  daily  temperature  is  nearly  freezing. 

T  First  year  of  measurements. 


in  water  level  than  is  apparent  in  Woodstock  LW8,  which  is  in  refuse  "buried 
in  196T.  Other  factors  that  could  influence  changes  in  water  level  include 
the  thickness  of  the  refuse,  its  initial  moisture  content,  its  specific  yield, 
the  permeability  of  the  materials  "beneath  the  refuse,  the  available  ground- 
water gradient,  and  the  amount  of  precipitation  and  infiltration  through  the 
cover.  The  relative  significance  of  these  various  factors  was  not  apparent 
from  the  available  data.  As  a  matter  of  interest,  in  the  landfills  that  we 
studied  that  initially  contained  10  to  20  feet  of  unsaturated  refuse,  10  to 
15  years  were  required  for  the  ground-water  mound  to  reach  equilibrium. 


WATER  QUALITY  DATA 

Detailed  water  quality  analyses  were  obtained  in  19&9  an(^  presented 
on  Table  9  of  the  Final  Report  (Hughes  et  al. ,  1971a).   Detailed  analyses 
were  again  obtained  for  samples  taken  in  1970,  1971 »  and  1973.   These  data 
are  presented  in  Table  3  of  this  report.   These  samples  were  analyzed  by  the 
four  different  laboratories  listed  in  the  footnotes  of  Table  3.   The  varia- 
tions in  analytical  results  are  probably  similar  in  magnitude  to  those  that 
would  be  obtained  during  a  carefully  run  monitoring  program.   The  analytical 
methods  that  were  used  to  obtain  the  values  given  in  Table  3  are  in  the 
Appendix. 

Sampling  Procedures 

No  attempt  was  made  to  determine  whether  different  sampling  pro- 
cedures affected  the  analytical  results.   In  each  case,  the  method  used  to 
sample  an  individual  monitoring  point  was  based  on  the  characteristics  of 
that  monitoring  point  (that  is,  diameter,  water  level)  and  the  equipment 
that  was  available. 

The  following  general  procedures  were  followed  for  all  samples : 

1)  The  old  water  was  removed  from  each  sampling  point  and  new  ground 
water  was  allowed  to  enter  before  a  sample  was  taken.   This  was 
accomplished  by  pumping  until  at  least  three  times  the  volume  of 
the  water  initially  present  in  the  monitoring  point  had  been  dis- 
carded, or  by  pumping  the  monitoring  point  completely  dry  and 
allowing  "fresh"  formation  water  to  accumulate.   If  foreign  mate- 
rial was  still  present,  the  monitoring  point  was  rinsed  with  clean 
water,  pumped  dry,  and  allowed  to  refill  before  the  sample  was 
taken. 

2)  The  sampling  equipment  was  cleaned  with  tap  water  after  each 
sample  was  taken  and  rinsed  with  water  being  discarded  from  the 
monitoring  point. 

3)  As  many  field  measurements  as  possible,  including  pH  and  conduc- 
tivity, were  obtained. 

k)   Sample  bottles  were  filled  to  the  top  and  taken  to  the  laboratory 
within  2k   hours,  generally  in  a  cooler. 

5)  If  there  was  a  significant  amount  of  sediment  suspended  in  a 


sample,  the  sediment  was  allowed  to  settle  for  up  to  10  minutes 
"before  bottling. 

6)  One  bottle  of  sample  was  acidified  and  the  other  was  generally 
left  as  taken.   Attempts  were  made  to  filter  samples  in  the  field 
before  transporting  them  to  the  laboratory;  however,  this  pro- 
cedure proved  too  time-consuming  and  most  samples  were  therefore 
filtered  in  the  laboratory. 

7)  Whenever  possible,  all  of  the  samples  from  a  given  landfill  were 
obtained  during  a  single  day.   If  this  was  not  possible,  sampling 
was  avoided  during  periods  of  rain  or  thaw. 

The  various  sampling  points  are  ordered,  for  the  most  part,  to  show 
migration  distance  from  the  landfill  (Table  3).   If  earlier  sampling  points 
were  destroyed,  new  sampling  points  were  selected  to  duplicate  conditions  as 
closely  as  possible.   The  wells  that  were  sampled  are  listed  in  Table  k.      The 
reader  is  also  referred  to  the  Hughes  et  al.  ( 1971a)  report  for  maps  of  the 
landfills. 

Table  3  is  divided  into  four  parts  to  simplify  presentation.   Table 
3A  presents  the  results  of  analyses  of  organic  and  miscellaneous  components 
and  3B,  3C,  and  3D,  the  anions  and  the  cations.   In  different  years,  analyses 
of  leachate  from  the  same  boring  give  different  results,  even  when  climatic 
conditions  immediately  preceding  the  sampling  are  relatively  similar.   Some 
variations  are  probably  not  real  and  were  caused  by  difficulties  encountered 
in  obtaining  consistent  samples  and  by  delays  in  running  the  analyses.   Other 
variations  may  have  been  caused  by  interferences  that  are  present  in  analyses 
of  complex,  concentrated  solutions  such  as  refuse  leachate. 

Some  variations  in  the  quality  of  the  leachate  are  real  and  probably 
are  related  to  the  climatic  and  hydrogeologic  factors  discussed  in  the  final 
report  (Hughes  et  al. ,  1971a).   With  the  exception  of  the  effect  of  the  travel 
distance  and  the  earth  materials  through  which  the  leachate  traveled,  the  fac- 
tors responsible  for  these  variations  in  quality  are  not  apparent  in  Table  3. 
The  relationship  between  earth  materials,  travel  distance,  and  attenuation  is 
most  apparent  in  the  analyses  for  alkalinity,  conductivity,  total  dissolved 
solids,  ammonia,  boron,  calcium,  magnesium,  potassium,  bicarbonate,  bromine, 
chlorine,  copper,  and  sodium. 

(See  Discussion  and  References,  page  22) 


cd    6 

•H     ft 
C     ft 


■O  CO 

.H             D  TJ  /-^. 

«      I      >  -H  B 

4->     CO    rH  H  ft 

O    -H     O  O  ft 

H   x)    co  co  ^ 


ft 


1 

^•~s 

■H 

CO 

S 

^J 

u 

ft 

OO 

"3 

a. 

0) 

■H 

N-^ 

PL, 

U 

+- 

• 

• 

'b 

CM 

« 

aa 

co 

ft 
ft 

O 

r  J 

S3 

«Ji 

' 

O 

O 

0) 

i 

^ 

e 

3 

CO 

B 

+- 

« 

iH 

0) 

a 

rH 

X 

0 

rH 

ft 

rH 

cu 

co 

43 

^^ 

PC 

rH 

1 

+- 

c« 

■a 

(0 

1 

O 

4J 

>-i 

CO 

a. 

o 

O 

cd 

4) 

ft 

CO 

H 

fi 

c 

— 

cd  a  -o 

o  cu   c  ^ 

•H  00    Cd     B 

B  >>  B    ft 

cu  x   cu  a, 

j:  otj^ 


d 

OCX! 

•H  CU  C  -^ 

00  00  trj    B 

o  >,  B   a 

rH  x  cu   a 

o  o  -o  ^ 

•H 
PQ 


1 

>N^ 

CM 

-. 

4->      B 

LO 

M 

•H     ft 

<N 

rH 

c   a. 

< 

•H    ~— - 

in 

in 


CM   OOlOlOl         CM    OOlOlOl 

in  in  n  m   r-~  io  oo  » 
co  co  co  co  I   co  co  I  co  co 


00 


no  CM  O  O 
O  CM  vol  CM 
\0  r^-  r^  on 


* 

X 


-d-  cm 

o 

o 

co  <r 

CM 

ro 

CO    CO 

rH 

-1" 

rH    rH 

rH 

rH 

00  00 
ON  CM 

rH  O 


* 

o 


o  o 

rH  O 

ON  00 


o 


-K 

o 

T 

co 


-J-   NO 

o 

NO    CM 

n 

m  NO 

r  i 

r> 

NO  CM  O 

-d"  rH  O 

-d-  m|oN 

ON 


<r  -<r 

o 

O 

ON    CM 

X 

oa 

r-~  on 

m 

x 

\o  <r 

-T 

CM 

coIonIooIooI 

O 

rHlOO 

Ol 

O 

on|o|oo| 

o 

-d-lolool 

oloololool 

CMlrHlOloi 

in 
-d-lco 

OlcMl 

colr^lmlO 

r^.  I no  [no  |nO  I 

r- 

r~-|\0 

r— | 

r^ 

No|r--|No| 

r-« 

I — •]  I —  |^o  | 

r*~  |nO  |r^  |no| 

mo  1 r-»  I  r—  |  \D  I 

r-.  |  r~ 

i —  |  r-~  I 

no|no|.-^|oO 

ON 

r- 

ON 

0> 

NO 

nO 

■jD 

kO 

<5  micrograms,    all    BDL 


+- 

NO     * 

O   CO 


+■ 

o 


CM    * 
O    CM 


+- 
o  * 

CO    ON 


+- 

CM    * 
O    CM 


^r  -x 

O    CM 


CM    * 

r-»    nO 


o 


■x  * 

o  o 

in  o 

NO  NO 


O  o 
mo 
Ko  \<t\ 


o 

o 

O 

3 

o 

o 

o 

x 

-T 

X 

X 

<r 

-T 

vo 

CM 

-d" 

m 

oo 

00 

m 

<r 

o 

o 

rj 

00 

<r 

~i 

4- 

o 
o 


-x  * 

o  o 

CM  O 

r-~  no 


O  O   O 

m  o \<t\ 

r^   r^-  CO 


■K  -X 

O  O 

CM  O 

rH  VO 


*  * 

O  O 

NO  O 

<-J-  vO 

CM  CM 


o  o 

-*  o 

ON  NO 

CM  CM 


■K     O 
CO    O 


o 

o 

o 

o 

o 

in 

CM 

o 

r  i 

r  I 

CI 

H 

O 

o 

O 

O 

■•-J 

O 

--T 

r» 

* 

r  i 

n 

^H 

O 

o 

o 

^) 

o 

c ; 

rH 

ON 

CM 

rH 

■H 

^H 

* 


o  o  o 

O   O   CO 
rH  in  in 


o 
o 
o 


*  -x 

o  o 

NO  O 

rH  00 

co  r-» 


o 

o 

o 

<r> 

o 

o 

o 

o 

o 

00 

00 

NO 

+-    *     -K 

r~-  on  O 

CO    CM 


+-  * 

O  O 

rH     CM 


+-    -K 

* 

■K 

+-     * 

*     -K 

4-  *    *    * 

+-   -K    -X 

-K 

+-   -X 

•X     -X 

4-  * 

-X 

4-    -X     -X     -X 

<r  O 

o 

m 

CM    CO 

o  -* 

NO    CO    O    CO 

o  o  o 

o 

r-*  O 

O    "0 

NO      O 

o 

O   O   O    UO 

oo  co 

■D 

o 

m  cm 

O    CM 

on  r~  cm  no 

<r  no  oo 

ON 

O  co 

m  m 

CO   rH 

CM 

O  CO  O   co 

CM 

rH 

rH 

CM 

m 

■H   CO 

^H 

CM 

CM    rH 

CO 

O  00  NO  -j- 
00           CM 

4-   -X 

O  ON 
CO  CM 
CM 


4-  * 

ON    00 

tn 


4-  -X 
O  u~i 
NO   CM 


4-   * 

m  no 
cm  -<r 

CM 


o 

'ON 


4-  -X 

O  O 

00  o 

O  CM 

-3-  A 


I 

>. 

/— v 

4- 

$t 

^t 

■1 

c^ 

i; 

4 

=>fe    =?fc 

tfl 

u 

B 

O 

o 

o 

o 

o 

O 

O 

O     NO 

M 

•H 

a. 

CO 

:-n 

CM 

CO 

m 

o 

in 

CO    rH 

H 

a 

o. 

m 

rn 

m 

\o 

-n 

m 

r> 

<T    NO 

< 

•H 
rH 

•a 

U 

V 

ON 

o 

H 

rn 

■J^ 

o 

^H 

m 

o> 

o 

rH    CO 

cd 

4J 

vO 

r-. 

r>« 

r>. 

NO 

r^- 

r^ 

r^- 

X 

r^ 

r-~  r-~. 

m 

CO 

ON 

0> 

ON 

ON 

ON 

ON 

ON 

on 

ON 

ON 

on  on 

(M 

cu 

4-1 

^H 

H 

rH 

rH 

H 

rH 

rH 

rH 

r-i 

rH 

rH    rH 

0) 

< 

■<f 

m 

iH 

• 

NO 

rH 

—i 

a- 

o 

3 

3 

3 

e 

a 

r-) 

-J 

rJ 

(0 

— 

a 

C^ 

tn 

3 
Q 

3 

n 

3 

a 

4 

=5*;      =^= 

4 

=^t=    =5t: 

4- 

:: 

+- 

o 

O   CM 

O 

O    O 

O 

O 

O 

o 

vO  r^ 

m 

^f    00 

«* 

Ol 

m 

H 

00    f-» 

- 1 

CM     rH 

e 

m 

m 

O 

O 

o 

rH 

o 

o 

r 

DO 

on 

in 

-T 

- 1 

C^OHfO  asOt-lro  os  O   H  n 

^Or^r>.p^         v^r>.r^r^         \£)r^r-r-^ 
OS   Os    OS    OS  OS    OS   Os    OS  Os    OS    OS    OS 


3 

0u 

3 
Q 


£ 

3 

C. 
3 


2 

&. 

3 
P 


ON    O    rH    CO 

vO  in  h>  r^ 

ON     ON     ON     ON 


3 

J 

3 

n 


ON    O     rH    CO 

^o  r-^  r^  r^ 

ON    ON    ON    ON 


pq 

m 
3 

ft 

3 

a 


3    <H     C     <U 


n) 

c 

w 

CM 

a 

a) 

"J 

H 

e 

O 

H 

M 

jj 

c 

m 

0 

Eh 

0) 

p 

cd 

•H 

c 

o 

u, 

CJ 

i) 

CO 

91 

ro 

■-, 

q 

(> 

Cn 

0 

0) 

0) 

CU 

i; 

CO     CO      tn     U 

■a 

W      to      >>     Ul 


rH      H       C      rH 


£      fl      J      £ 


I/}      10      10      to 
•H     -H      H     -H 


s  s 


rt 

*-• 

ai 

5) 

10 

CJ 

H 

rO 

fl 

rt 

fl 

H 

3 

C 

m 

r0 

ro 

H 

4J 

!>j 

rH 

01 

I 

3 

cd 

> 

to 

c 

-,l 

fK 

n) 

4-' 

H 

JJ 

P.     tU      Ch      P. 


<D  t-i 
H  >> 
Q.     J3 

e  -p 

nl     <u 

S 


CO 


10 


Q 

W 

H 

r  T 

hJ 

TJ 

w 

CU 

CO 

3 

C 

s 

•H 

o 

4-J 

c^ 

fl 

Pn 

o 

u 

to 

H 

i 

2 

W 

f\ 

Z 

• 

O 

c 

ph 

O 

§ 

•H 

o 

4-1 

u 

n3 

U 

CO 

o 

S3 

rH 

O 

PJ 

rH 

|Z 

o 

*< 

14-1 

►J 

/^-^ 

w 

03 

u 

H 

CO 

r>. 

H 

■ij 

2 

0) 

< 

O 

CO 

od 

0) 

o 

-C 

00 

P-, 

0 

o 

X 

CO 

TJ 

w 

C 

CO 

03 

^ 

3 

<r 

3 

03 

J3 

3 

03 
H 

u 

H 

03 

£ 

1) 

w 

CO 

a 

« — • 

u 

T)  CO 

rH             0)  T>  ^N 

™     4J       03     rH  rH  Q, 

,H  o  -h    o  o  a. 


a. 


•H  03    ^s 

u  J)   B 

03  03     O. 

0)  -H     Q, 


•  •    S 
pa  co   a. 

•  •  a, 


0)  i  ^ 

C  3  0)    S 

u  h  n   a 

X  O  rH      O. 

CU  CO  Xl  --^ 
SB 


rH       I  —, 

o)  T3  en  E 

4-1  rJ  CO  a. 

o  ca  a)  a. 

H  X.  P  -■_• 


a)  c  -a 

O  0)  c  0 

•H  JO  K    0 

E  ?*.  B   tx 

cu  x  a)  a 

a 


0) 

OCT) 

•H  0)      C   O- 

oo  ao  cd    E 

o  ><  e   o- 

rH  x    a)   a. 

o  o  -a  ^-- 

•H 
CO 


«  *J  B 

^  -h  a. 

rH  c  a 

<!  -H  ^ 


1 

>1 

•— s 

rj 

4-1 

R 

Ai 

■H 

a 

H 

C 

a 

< 

■H 

-a 

M 

0) 

03 

4-1 

0) 

03 

>< 

0) 

1) 

rH  . 

a.  o 

cf  C 


-K 

o 


CM  O  O 

m  -3-  Uo 
in  <r  in 


-a-iooio 


■X 

O 


* 

CM 


O   sO 

O 

O 

o 

CM 

CN   CM 

CM 

O 

CO 

-40 

vO   CO 

o 

rH 

<r 

rH   rH 

rH 

rH 

rH 

CM 

m 

r^ 

vO 

+- 

4- 

+- 

O  -3" 

o 

<r 

o  <r 

o 

o 

CMlolO 

r-~  <f 

LO 

o 

rH  in 

CO 

o 

CO   vO    rH 

cm  <r 

00 

rH 

as  co 

O 

0> 

vO  00   H 

rH    CO 

m 

^-i 

in  m 

vo 

•sf 

rH 

* 

O 

CO 


co  o  o  -<r  <t  o 
r--  oo  <d-  oo  rH  oo 
vo  oo  oo        m  oo  o 


in 
o  o 


00 

vO 


\0\ 


in 

vO 


moo 
voir —  li —  | 


as  oo  oo 
r-Uo|vo| 


o  in  o 
r»|\0  r~. 


•J   00    CO 
vOvotvO 


<5  micrograms,    all  BDL 


* 

CN 


o 
o 


vO 
O 


CN 

m  * 
rH  ~cf 


o 

vO  * 
CM    CN 


vD 


CN 

rH 

O 

o 


m  * 

rH    vO 


o  o 


o 

vO 


•X     -X 

O.O 
vO  On 
00  as 


O    O    O 

ffipifl 

oo|on  -*| 


•X    -X    -X 

00   O   O 


O        o 

rH  O 

<r       os 


=s= 

+- 

+- 

+- 

% 

=S= 

+- 

^fc 

o 

o 

o 

o 

o 

o 

o 

o 

vO 

oo 

o> 

m 

o 

vD 

vO 

CN 

m 

rH 

vO 

CN 

rH 

in 

m 

■vT 

* 

■K 

o 

o 

o 

in 

CTi 

co 

ro 

r- 

o  o 

00  o 


*   * 

CO  o 

Pl,  m 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CO 

00 

in 

o 

m 

CN 

rH 

<r 

CO 

o 

O 

o 

o  o 

O 

O 

o 

mo 

o 

o 

o 

OMO 

00 

co 

in 

rH 

A 

A 

o  o 

vO  00 

co  <r 


o  o 
o  <r 


■k  * 

o  o 

O  vO 

OS  CM 

CN  rH 


o 

O 

o 

o 

CM 

m 

CN 

ro 

CO 
vD 


00 


o 

CO 


CO 
C-l 


■K 

■h-  *    * 

4- 

+-   *     -K     * 

*   *   * 

4-  *    * 

m 

o  o  o 

o 

o  o  o  o 

<r  o  m 

CO  O  <f 

<^t 

O   CM   O 

vO 

<r  m  o  vo 

ON  o  oo 

<r  -*  cm 

C-i 

N    NO 

CO 

CTN   \D    O    vO 

O   CO 

rH 

00    CM    OS 

CM           CO 

<r 

•X    -K    * 
O  O  m 

-JMO 
rH    CO 


4-  * 

4- 

4-  * 

■3C 

4- 

O   O 

LO 

o  o 

<r 

-* 

vO    CO 

CN 

vO  O 

CN 

CN 

OS    CN 

rH 

m  cm 

vO 

^r  a 

CN 
CM 


O   00 

o 

o 

vO  o 

<r 

CO 

CO    -* 

m 

rH 

o 

o 

o 

o 

o 

o  o 

o 

o 

m 

CO 

CN 

O   CM 

00 

o 

00 

vO 

r^ 

O   CM 

CN 

m 

rH 

rH 

-3" 

m  <r 

o 

o 

O 

vD 

CO 

sr 

m 

rH 

<r 

OS 

m 

m 

o 
o 


o> 

o>  o 

vO 

vD  r-^ 

o\ 

OS   OS 

OS    O    rH 

\0    N    N 

Os   Os   Os 


Q 


co 


3 
Q 


OS 

m 


3 

Q 


a. 

3 
Q 


CN 

<a 


D. 
3 

a 


Os 

vO 
OS 


3 

Q 


OS    O    rH    CO 

vO  r~-  !■•>■  r-» 

Os   Os  Os   Os 


OS    rH    CO 

OS   O    rH    CO 

vo  r-~  r~- 

vo  r-»  r~  r^ 

OS   Os   OS 

OS   OS   OS   OS 

rH 

3 

c 

13 


3 

a 

■H 
3 


1 

C 
•H 


>, 

A 

0 

ID 

3 

•H 

> 

Ph 

4-> 

h 

o 

0 

3 

Ih 

C 

a> 

m 

O 

H 

4J 
0 

H 

4-> 

rH 

n) 

C 

to 

Cm 

O 

<u 

CO 

•H 

E 

o 

H 

h0 

JJ 

c 

n) 

O 

tl 

(U 

+> 

rH 

nj 

•H 

c 

o 

p, 

o 

11 

<D 

<u 

w 

CO    CO     d    u 


>J      r^      >>      >> 
J3     41     fl     B 


rH      rH      rH      H 


<   <c   <   < 


rH     -^  J) 


H 

3 

ro 

l/l 

>. 

rH 

CO 

a 

> 
•H 

ni 

-P 

C) 

)h 

CO 

P, 

CO 

P. 

t/3 

C 

<D 

g 

tD 

4J 

m 

CO 

rH 

a> 

in 

rH 

>3 

■d 

a 

£ 

U 

£ 

4J 

i> 

0 

cfl 

<1) 

O 

o 

CO 

s 

2 

Cn 

11 


1 

^^ 

0 

•H 

C 

G 
a. 
a. 

X! 

CO 

T-i 

■1) 

-X 

.^-^ 

id 

1 

> 

■H 

E 

<u 

7. 

—I 

rH 

a 

0 

■H 

D 

0 

P. 

!- 

T3 

M 

7) 

«— ' 

4-1 

<U 

0 

7) 

T3 

P_ 

u 

■H 

a 

PM 

u 

-)- 

9 

o 

* 

aa 

w 

a. 
a. 

LO 

CO 

S3 

< 

s-/ 

o 

H 

11 

i 

^ 

c 

3 

X 

s 

-f- 

re 

H 

(V 

a 

<r 

X 

0 

^H 

D. 

"J 

7! 

rfl 

V— ' 

5G 

rH 

1 

H- 

re 

T3 

'7! 

9" 

o 

u 

H 

M 

o. 

r^ 

o 

re 

0) 

a. 

ON 

H 

JS 

c 

N-^ 

CO  C   t3 

o  a)    c  ^ 

•h  oo  3   B 

S  >s  s   a. 

cu  X    m   a. 

JC  O   t3  w 

u 


CO 

CJ  C    XI 

•H  <U      C  ~n 

00  oo  co  B 
O  >,  0  ea- 
rn X  01  D. 
O  O    XI  -^ 


m 


1 

l>*^ 

re 

n>    0 

o 

-Y 

•h    a. 

CM 

rH 

c    a. 

<* 

< 

•H  ^ 

rH 

CO     4->      0 

.!<;  i-i   ea- 
rn   e    o. 


XI 
l-i  0) 
n)  4J 
d)    tn 


V 

iH      • 
Cl    O 


o 


-I 


<r  <r 

O 

o 

ON    O 

r~~ 

m 

ON    ON 

i-l 

o 

rH 

og 

'1 

sO 

rj 

o 

o 

o 

r~~ 

oo 

o 

m 

cr> 

o> 

CM 

CN 

rH 

H 

O  00 

o 

o 

-H  O 

r-l 

m 

■*r  o 

r*. 

^H 

rH    iH 

iH 

CN 

oo  o  o 


mOO 


o  m  CO 
vO|vo|vO 


O    O 

m  on 


o 


<r 

o 

o 

<r 

r-A 

i-H 

rH 

OO 

lO 

J. 

ON 

r— 

^H 

^H 

m 

<5  micrograms,    all   BDL 


m  o 


o  rH 


m  * 
o  m 


O  o 


oo  * 

O  CM 


O  O 


* 

o 


+■ 

43 


o 


*  * 

o  o 

in  o 

O  O 


4- 

o 

00 


o 


*  * 

O  O 

u-n,  O 


o 

CO 
O 


O 


o 
m 
oo 


o 


* 

O 

o 
o 


o 

O 

o 

o 

o 

° 

o 

o 

o 

o 

o 

o 

o 

o 

o 

° 

LO 

o 

o 

LO 

CTN 

co 

o 

vO 

CM 

OO 

vO 

\0 

o 

CM 

m 

m 

H 

CO 

CM 

rH 

rH 

H 

rH 

•i 

•K     * 

* 

+-  *   *   * 

4-  *    * 

+- 

m 

o  o 

in 

o  u-i  o  m 

o  r^  o 

■•30 

rH 

CM  O 

i-~ 

\o  m  o  no 

m  m  o 

o 

<T 

m  vd 

m 

cm  m  cm 

CI 

m 

+- 

-K 

-K 

o 

O 

o 

oo 

o 

-t 

vC 

CO 

r>« 

0> 

0> 

o 

+-   -K 

+-   * 

O    O 

O  O 

m  v£> 

O   vD 

CM 

<r 

>o 

o 


+-  * 

O  O 

iH  O 

vO  CM 

<r  a 

m 


o 

o  o 

o 

O    CM 

o 

o 

co 

<r  o 

r* 

O     rH 

CTN 

ON 

o 

r^  r^ 

m 

-a-  vo 

r>. 

LO 

o 
o 
o 


o-n  o  tH  m 
^o  r^  r-~  r^ 
CTN    CTN   CTN    CTn 


-J 
c 
c 


on  o  iH  m 
vOi —  r^  r^ 

CTN   CTN   CTN   CTN 


H 

C 
C 


on  o  iH  m 
vD  i~-  r--  r^ 

ON     ON    ON    ON 


COD 


W 


ON     O 
ON     ON 


3 

-J 
x) 

0 

o 
3 


oa 

-a 
o 

o 


On    O 
ON    ON 


3 


3     <H      C      0 
CO      O     H     4J 


O       Sin 

H     aj 
o    p. 


CO     00     ^    w 


C     C     o     C 


>>  >>  :»  >> 

fl  £   fl  a 


to     in     u]     w 


<    <    <    < 


rt      4i      11      cu 


W       Ul     H     4-> 


nj    4J  E-i  4J 

O  'O 

r<    d  c 
o 

In      »  fl  li 

3  <D  O 

4->     H  C 

■H      JD  H  d> 

rH  E  *-l 

D,     <U  Sh  Or 

W       C  <D  £ 

4>  -P  nl 

d>    h  a)  m 


CO     S     3     CU 


12 


u 

•H  /-n 

C  E 

0)  ex 

CO  ex 

u  n-' 


B  B 

3  ex 

C  a. 

•h  ^ 


i 


a)  ^v 

4-1  e 

to    ex 

CO     CX-—- 


0)  ,~N 

*J  B 

to  ex 

3  -c  a, 


w 


CM 
U]      4-1      E 

O     cd     CX 

-C   JZ    ex 

fj-i    a. N — 


i 


cu 


B 

o  nj  ex 
-e  x:  ex 
ex.    ex^^ 


i 

ocs  e 

3    a)  p. 

rH    T3  CX 

Plj    -H  n^ 


I 

'H  r-N 

O-  g 

3     0)  CX 

h  13  a 

ft,     -H  v-' 


0) 
■H     £ 

c  a 
cd  ex 
^^ 
u 


i 

u         ^n 

O  CM  £ 

h    «   a 

£  -o   a 

O    -H   --' 


I 

Sj  ^n 

O-  g 

H     II  O. 

£  i3  a 

c_>    -H  v_^ 


(-i     C     <U     D. 

ca    o   4-i    ex 


a) 

C  --N 

•h  g 

E  ex 

o  a 

u  ~~s 
pa 


1 
U 

^ 

cd 

1    rs 

e 

U 

C      01 

ex 

■H 

O     4J 

ex 

3C: 

J3      CTJ 

*— ' 

nt 

1 

. 

R 

tj 

C 

<1J 

ex 

NOlOlO 

•H 

n 

4-) 

a 

in    rH    00 

PQ 

X) 

rrj 
•n 

ro|<r|ro 

W 

.1) 

OS 

O    rH    CO 

en 

4-1 

vO 

in  in  n. 

iu 

en 

OS 

os  os  os 

>• 

0) 

rH 

H    H    H 

ex  o 
6  C 
nj 


on 

00 

to 

NO 

O 

rH 

o 

H 

CO 

CN 

o 

NO 

00 

m 

O 

o 

+- 

o 

o 

4- 

o 

o 

4- 

o 

o 

4- 

rH 

o 

4- 

NO 

o 

4- 

*tf 

o 

4- 

o 

o 

o 

o 

ON 

o 

o 

00 

o 

o 

rH 

o 

o 

nO 

o 

o 

o 

o 

o 

rH 

iH 

o 

rH 

o 

o 

o 

m 

o 

V 

co 

o 

V 

o 

V 

o 

<r 

o 

NO 

o 

o 

V 

o 

o 

V 

o 

o 

co 


4- 
O 

nt 


o 

-H 

O 


-I 

o 
on 


4- 
o 


o 

CO 


4- 
O 


*    4- 

00    rH 
CM    CN 


■H  O 
CN    rH 


*     * 

CT\    CO 
r-~    rH 


O   O   O 

vo  v  m 


O 


<t  pi\  o  erf 

nO  iHlml         no  O|os| 

rH  CN  CN  00 


ONI 


00  -K 

CN  rH 


o 


m 
oo 


NO  -K 

MO  rH 


1 1 


m 
o 


vD 

o 


O  -tf 
CN  CN 


<T    O|n0|n0| 
rH    CN|rH|rH| 


o 

V 


OQ  CN 

m     Z|  rH 

d       o|d 

V 


4- 
O  * 

O    -H 


o 

CM 


O    CN 

rH  <r 

v 


no|o| 


* 

*   * 

00 

NO    O 

NO 

r-~     rH     O     rH 

os  h  rv U| 

rH     CN 


* 

CN 

O 

+"  i  * 
1-1  P  o 
ro  z|       m 

o       olo 
h| 

V 


o  * 

nD   rH 


m 
co 


I  MO 

olo 
h| 

V 


* 


CN   Q|co|-3-| 
3| 


CO 

(X, 


o  * 

<r  rH 


m 
o 


ro 
o 


m 
o 


o  p 

CN   2 


4-  * 
O  O 
r-»  O 


■K 

O 


o 
v 


O   O 
V 


o  o 

V 


o 

V 


CN 

mlin 
o|o 

0.65t 
0.85 

ON 

o 

0.19t 

0.4 
0.22 

0.05t 

0.3 

0.18 

0.3lt 

0.1 
0.15 

0.31t 

0.4 
0.33 

0.27t 

0.4 
0.25 

2.0 
0.14 

rH 
O 

in, 
O 

o 
o 

V 


4- 

m 

o 

o 

o 

V 


o 

o 


o 

V 


o 


o 
v 


O 
O 

• 

o 
v 


o 

o 


o 

V 


m 
o 

o 

o 

V 


o  o 


r^   o  O  Ol 
. — I  [ . — 1 1  ■— 1 1 

V     V     V 


O   CN 

<r  cn 


4- 

r-»  tHlolol 


r~~  O 
oo  00 


■<f  mo  m  o 

ON  h  n  k 


m  o 
cn  ro 


ctn  m  <t  rH 

O    CN    -4-    CN 

CO    CO    rH    CO 


-K     -K 

in  in 
m  oo 


4- 

m  o  o  oo 
co  cn  oo  m 


ro 


m  o 
cn  ^r 

in     rH 


cn  moo 
rH  cn  m  o 

-H 


o  o 
o  o 

rH     VD 


V 


o  r^lst 

CO   <t\CD 

CO     CN     rH 


•nl 


o 


o|o 

V 


o| 

V 


o| 

V 


o] 

V 


mo  m 

00     rH 


CO  o  o 
00  I  ON  00 

ro  n  co 


OS    O     rH    CO 

\D   IN   IN   i — 
Os   OS   OS   OS 


< 

SO 

:•: 

r-3 

ex 

3 

p 


3 

o. 
p 


nT   O   O 

cn  os  in 
vD  m  r- 


Os    O    rH    CO 

mo  in  i —  rN 
Os  os   Os  os 


ex 

3 

p 


o  o 

MO     O 

00  o 


OS    O    rH    CO 

MO     I IN     N. 

OS    OS   OS   OS 


3 

ex 

3 

p 


o 

O 

o 

o 

o 

0 

o 

o 

o 

CO 

o 

NT 

rH 

co 

NO 

CN 

o 

CO 

rH 

m 

Nt 

m 

IN 

no| 

~.T 

NO 

m 

rH 

rH 

rH 

OS    O 

rH 

CO 

Os 

O 

rH 

CO 

OS 

o 

rH 

CO 

NO     IN 

rN 

r~- 

NO 

IN 

rN 

IN 

NO 

IN 

IN 

IN 

OS   OS 

OS 

as 

OS 

CTn 

fTS 

OS 

OS 

>Tn 

OS 

OS 

rH    rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

P0 

CN 

5 

NO 

^H 

rH 

3 

l< 

rs 

rJ 

rJ 

r-1 

ex 

ex 

a 

3 

3 

3 

P 

p 

Q 

CO 

O 

o 

O 

o 

nO 

NO 

NO 

NT 

CN 

in 

CO 

OS     O     rH     CO 

mo   rN   IN    IN 
Os   Os   OS   Os 


r-J 

ex 

3 

p 


CO     o    H    +> 


>3    >>    >>   >> 


•H     H     H     H 


^-  CO 


»1      t     »= 


13 


c  e 

01    o. 
in    a. 


6 

§ 

f.: 

3 

3 

a 

•-i 

a 

O. 

< 

•H 

1  ' 

<u 

^ 

i 

4J 

5 

— 

•V, 

Q. 

3 

X 

a 

w 

a 

v 

^-> 

1 

4-1 

6 

— < 

re 

a 

=1 

X! 

a. 

C/5 

o. 

W 

, 

(U 

( __ 

r. 

4-> 

B 

0 

co 

a 

Ji 

* 

a. 

0_ 

a. 

1 

<u 

~-, 

in 

4-1 

B 

o 

CO 

a 

a 

£! 

a. 

a. 

a 

s> 

I 

>-l  .-^ 

OCM  E 

3     0)  p. 

iH    T3  D. 

4jh    -H  w 


_       o~    e 

n  3     Q)     a. 

.h  -a    a 


T3    • 

•H 

c 

;>>  • 
U 


I 

ocm  e 

i-i   <u  a. 

£  -a  a. 

c_>  -h  ^ 


i 

l-l  /-N 

O-  g 

rH    a;  a, 

£•0  a 

C_>    -H  w 


I      I  E 

r-»    u     C     OJ    D. 
— i     CO     O    4-1     O. 


u 


■H 


E 
E  a 
o    a 


«j 


oa  jd   co 


-i     E 


- 

1 

B 

'J 

B 

■^ 

0, 

■H 

0 

u 

a 

a 

a 

CO 

Ij 

CD 

CO 

4J 

at 

tn 

>• 

OJ 

a.  o 

E    c 

CO 


o 

V 


<t 

o 
o 

St 

o 
o 

St 
o 
o 

+- 
rH 

\0 

H 

o 

+- 
•-* 

+- 

rH 

o 
o 
o 

o 

o 

o 

o 

o 

o 

O 

x 

CM 

sD 

i-l 

rH 

oo 

o 

rj 

O 

•1-  o 

o 

+- 

o 

o 

O 

O 

rH  O 

o 

rH 

o 

o 

O 

O  O 
V 

O 

o 

o 
st 


o 


O 
CJ 


O 


o 

V 


o 
in 

o 


■K     * 

oo  co 
oo  co 


Mno 


* 

-T 


O 


rH    0i\ 
CO   HI 


on  on 

rH    St 


o 

V 


*  * 

O  O 

rH  nO 
V 


IvOlS 


*     * 
C/>  CM 

Pi    rH 


LO    O 
St     ON 


O    rH    O 
ON    ON    CJl 


-X 


'21 

V 


m 


co 

ON 


o 

m 
X1 


■X 
O 


St 
CM 

O 


'SI 

V 


NO    rH 


O   O 
V 


st 

o 


* 

ry-j 

P-, 


r-  O 

rH  Q          ,st 

•  Zi]rH        • 

O  stlO 


O  m 

UO  O 

•  * 

O     rH  O 

V 


o 


z  old 


in 

o 


+-  * 

t~-  rH 

00  O 

O  olo 


-X     * 
O    CM 


m    Q|vD|Ql 

z|      z| 


-x 

o 


o 

St 


/ 


'S|° 

V 


■n 
o 


=s=       o  * 


o 

V 


o  o 

V 


* 

St 


* 

st 


m 

o 


o 

V 


* 

CI 


m  st 
o|o 


oo 
O 


o 
o 


o 

V 


1-^ 

cmIcm 

i-» 

rH 

ON                          St           On                   CO 
CO           rH|         st           00           rHlcM 

o|o 

o 

o       o|      o       o       o|o 

in 
noIco 

o|o 

0.34t 

0.4 

0.35 

0.23t 

0.2 
0.17 

o 

o 


+- 

in 
O 
O 

o 

V 


m 
O 

o 


O 

o 

o 

■■/ 


o 

o 


o 

V 


*   -X 

O  r-~ 
co  m 


* 

o 


st 

On    Ol 

O   O 

X) 

nD    CO 

NO    ON 

CM    CM| 

rH|CM 

CO   00|On| 
CM 


n 
o 


O  o 

o  o 

rH  CM 

CM  rH 


no  o  m  m 
st  is»  m  r-» 
on  co  cm  cm 


*  -x 

m  in 

CM  vO 

co  CM 


co  m  o 
m|r~-  co 


■x    -x 

rH    O 

oo  o 


ON  colool 
on  cM|m| 


o  o 


o  o|o|oo| 
r-  oo  no  st  | 


°l 

rn 


co 


-X> 

en 


en 

o 

m 
stl       r^lmlco 

co|        o|o|o 

1.1 

0.76 

ro 
O 

o  o  o 
m  r~  o 
st  co  m 


Q. 

3 
Q 


0\ 
0> 


00 
st 


a. 

3 

a 


on  o 
vO  r~~ 

ON     ON 


o  o 

ON     NO 

m  no 


rH     CO 
ON    ON 


o 

o 

oo 

st 

r-^ 

o 

CJ 

st 

o 

O 

o 

m 

ON 

in 

o 

is. 

X) 

in 

m 

st 

3 

a 


rn 
ri 


3 

a 


- 1 

st 


a. 

3 

a 


ON    O    rH 

no  r^  r-~ 
on  on  on 


St 


Cb 

3 

a 


ON 
ON 


3 

a 


On  O  rH  CO 
lO  N  N  I — 
ON   ON   On   On 


nD 


o. 

3 

a 


o  o  o 

CO   rH  r- 
st  in  in 


r—  r—  r— 


o  O 
no  st 

NO    no 


ON    rH    CO  ON    O    rH    CO 

*o  i — ■  r*~         no  r^-  r^*  r^- 
on  on  on         on  on  on  on 


< 
o 

H 

3 

a 
C 
c 


3 

a 
c 

3 


> 

Hi 

• 

4J 

Eh 

r> 

C) 

3 

rn 

c 

OJ 

W 

0 

1  ( 

4J 

O 

+3 

« 

rt 

c 

w 

Ph 

r> 

<:> 

■i) 

•H 

j= 

r) 

rH 

b(1 

p 

C 

D 

O 

fn 

01 

4J 

rH 

nl 

rH 

c 

U 

M, 

o 

'11 

CD      OJ      10 


n)  n!  \  > 

■P  -P  O  C 

co  oo     fn  W 

•H  -H  X  -H 

o  o  o 

C  C  o  c 


H     M     &H     M 

r>>      >>     >»     >J 

^     fl     J     fl 


10      W      10      10 


in     o    cH 


«     41     H     41 


3 

0> 

n 

rH 

.: 

XI 

'rH 

01 

P. 

.  I 

ill 

'■. 

u. 

c 

0) 

ii 

0) 

41 

- 

rH 

01 

10 

e  j->  p   o 

CO     OJ     o     o 

CO     S     a     0j 


11+ 


M 

O 


to 

T3 

Cu 

Q 

3 

W 

C 

H 

•H 

CJ 

4-1 

w 

C 

J 

o 

w 

o 

to 

S 

1 

O 

S~ s. 

pi 

c 

fe 

o 

•H 

CO 

4-1 

2 

CO 

O 

o 

H 

O 

H 

rH 

<C 

u 

!-i 

O 

R 

M-H 

3 

^ 

CO 

co 

-H 

z 

r^ 

o 

CTs 

M 

rH 

^ 

• — ' 

Cn 

rH 

o 

03 

co 

4-> 

PJ 

0) 

CO 

>H 

CO 

| 

0) 

oo 

pa 

kJ 

< 

T3 

o 

a 

h-l 

CO 

w 

<t 

w 

cj 

0) 

rH 

fe 

J3 

o 

CO 

H 

CO 

H 

(1) 

rJ 

CU 

5 

CO 

CO 

* — * 

w 

cd 

PQ 

CO 

W 

-J 

PQ 

< 

H 

as 


o 

•H  /-\ 

c  a 

oi  ft 

en  a, 

M  ^ 


I  --S 
see 
3  3ft 
>-h  c  a 
<;  -h  — - 


i 


a)  ^v 

4J     6 
rH    (0    ft 

3  j   a 

CO     ft~~ ' 


u  e 
to   a 
3  si   ft 


-y) 


I  01  .-s 

W  4J  B 

o  co  a. 

j;  j:  a. 


i  cu  -^ 

io  u    E 

o  <0    ft 

£  £   ft 

PL,  ft  W 


I 

U  /-s 

o^  E 

3     CU  ft 

H    T3  ft 

li,    -H  w 


I 

>-l  --s 

o-    a 

3    <U    ft 

H   T3    ft 
pn    -H   ^ 


01 

T3  --s 

■h  a 

C  ft 

CO  ft 

u 


I 

rH      0)     ft 
43    T3     ft 


I 

rJ  ^-\ 

rH  CU     ft 

-fi  T3     ft 

CJ  -H   s_, 


i  i       a 

r4  C  0)     ft 

cfl  O  4J     ft 

CJ  j=>  CO  ^ 


01 

c  .— 

•h  a 

a  p. 

O  ft 

U  ~— ' 
CQ 


cfl 

csl 

6 

u 

B 

CU 

D- 

■H 

0 

<-J 

ft 

PJ 

.fj 

CO 

^^"^ 

1 

TO 

1 

rH 

0 

CJ 

c 

u 

cx 

■H 

0 

4-1 

ft 

on 

Xi 

TO 

T1 

u 

0) 

nj 

J_> 

i) 

'/i 

>- 

0) 

ft  o 

a  c 

(0 


ro  o 
CO  o 


o 

V 


o 

ro 
O 


O 
V 


+- 

o 


o 

V 


o 

cj 


+- 


o 

csi 


O   u~> 
rH  r-~ 

V 


O 

rH   z|cs|Z| 


d 


lO  -X 

r--  oo 

•  Q        ,    • 

CN  ZOO 


•X    * 

o  o 

■H   O 


cA   z'c^lool 


o 


O  r^  cn|q 
oo  cn         z| 


-K 

o 


O 


o 


v 


^ 


-:< 
o 

|o  o 

V 


V 


O    ^H 


O    O 
V 


o 


O    -K 

O   O 
V 


O   <-i\ 
00  o\| 


CO 

Cm 


°ei 


o 

•   CO 

O    Pm 


■X 

o 
o 


-K 

oo 


CN 


-K 


CNllr-H 

O 

OS 
CNI    CM 

CO 

CM 

ro|-tf 

o'o 

o 

o|o 

o 

o|o 

o 
o 


+- 

LO 

o 

o 


H 
O 


O 
O 


Csl 


u-i   O 
r-»  cm 


-H  Oho 
o  csi  on  <r 
r~-  u~i  cn|lo 


*  ■!< 

00  LO 

Csl  <f 

■H  Csl 


o>  O 

Csl    00 

o-  cn 


CM 
CM 


ro 


Csl    CI     Q 

O  m|z| 


^H   00 


00 


r» 

O 

O 

c^ 

m 

u-1 

vO 

o 

as 

^H 

H 

co 

Csl 

col 

uo  1 1 — ll 

ool 

<r 

o 

COl 

coIctn 

sD|0\| 

m| 

o 

Cs|| 

OM 

o 

o 

o 

ro 

1  .1 

00 

O 

CI 

o 

Csl 

CM 

CJ 

O 

o 

^H 

LO 

CO 

Os] 

CO 

ON  O  ^H  CO 
so  r»  r»  r-~ 
OS  OS  os  c^ 


0\0    iH    n 

so  c--  r-  r~ 

OS   OS    OS   OS 


3 

B 

c 

■H 

3 


o 

00 

ro 


o 

O 

CM 

O 

CO 

UO 

r^ 

OS 

ON  O  t-H  CO 
so  r^  c^  r^ 
Os  os  Os  Os 


pq 
sD 

3 

H-l 

60 


w 


as  o 
so  r-~ 
as  as 


3 

-a 
o 
o 


cq 

vD 

:^ 

O 

o 

3 


Os   O 
so  r- 

as  o\ 


3 

J 
^ 


J 
^ 


;>, 

.Q 

0 

cu 

'1 

■H 

> 

d< 

■P 

u 

c> 

C> 

3 

In 

■-: 

(11 

CO 

O 

H 

4-' 

o 

rH 

4J 

u 

n1 

c 

(0 

eu 

CJ 

a) 

0) 

•H 

.- 

C) 

rH 

hll 

4-> 

C 

<fl 

'  i 

Eh 

<l) 

4J 

H 

nl 

■H 

c 

O 

p, 

CJ 

(1) 

<U 

-1) 

(Q 

4-5 

-p 

o 

c 

CO 

CO 

u 

W 

[/I 

in 

>. 

ro 

■iH 

■iH 

33 

•H 

O 

o 

O 

C 

CI 

n 

C 

hH 

H 

o 

•H 

iH 

v" 

.  1 

rH 

H 

CI) 

rH 

HI 

H 

E-i 

H 

>. 

!» 

>> 

!-. 

AJ 

ju 

a 

XI 

(0 

to 

m 

K) 

•H 

•H 

■H 

•H 

r/1 

r/l 

tn 

tn 

>» 

>, 

i>» 

>> 

iH 

iH 

rH 

m 

cfl 

Cfl 

Cfl 

G 

C 

C 

c 

<  <  <   < 


r-i     —  O 


Cfl     JP      0      cu 
tn      O     rH 

tn    jo     cfl    jq 


n)    +3    E-i    -P 


■rt     &     rl      CD 
rH  E      rH 

ft    ll     !h      ft 


Cl> 

4^ 

Cfl 

d> 

H 

(1) 

to 

(*. 

•n 

ft 

•n 

F4 

t: 

-p 

4-J 

o 

15 


~ 

e 

+- 

H- 

+- 

4- 

+- 

4- 

4- 

4- 

L/1 

c 

^ 

a. 

00 

W 

o 

03 

vO 

O 

CTs 

<r 

»o 

CO 

r» 

r- 

m 

00 

o 

0> 

00 

ro 

o 

OA 

r^ 

m 

- 1 

o 

00 

c 

-1 

-j 

O 

o 

oolr-- 

-CT 

an 

| 
3 
•H 

CM 

Ou 

co 

i-H 

~3- 

-X 

CM 

•* 

CN 

CO 
* 

m 

-J 

-T 

VO 

CO 
H 

«* 

90 

-X 

oo 

<r 

CJ0 

lO 
* 

en 

- 1 

CN 

CM 

H 

n 

m 
-x 

00 
~3- 

H 

O  CM 
cn|cM 

~3 

9 

+- 

rH 

4- 

CN 

+- 

-x 

+■ 

H 

4 

o 

4- 

CO 

-r- 

r  i 

4- 

m 

«* 

m 

a. 

m 

o 

in 

o 

H 

m 

in 

O 

o 

<f 

O 

o 

o 

O 

m 

o 

-* 

ea- 

a. 

. 

• 

• 

• 

• 

• 

. 

rn' 

O 

o 

o 

o 

■H 

en 

O 

o 

iH 

o 

H 

o 

^H 

o 

o 

o 

■a 

9' 

in 

lO 

CM 

■H 

m 

m 

CM 

H 

iO 

m 

OJ 

rH 

m 

u-l 

o 

^t 

m 

m 

rH 

^H 

m 

in 

-r 

H 

m 

LO 

Oi 

H 

m 

m 

r^lrH 

ro 

n) 

CL 

<3- 

<u 

CX 

V 

o 

H 

O 

V 

o 

O 

o 

V 

o 

o 

O 

V 

o 

-H 

o 

V 

O 

o 

o 

V 

o 

oj 

O 

V 

o 

^H 

o 

V 

o 

rH|0 

j 

4- 

V 

V 

+- 

V 

V 

H 

V 

V 

4- 

V 

V 

4- 

V 

V 

v' 

4- 

V 

V 

+- 

V 

V 

4  ■ 

V 

V 

C 

e 

O 

x> 

^ 

o 

Ij*; 

o 

-T 

5 

O 

^t 

o 

ii; 

o 

H 

rt: 

o 

^t; 

O 

=3fc 

CM 

o 

a. 

<T 

r> 

H 

o 

o 

CN 

o 

oo 

-T 

-* 

H 

o 

m 

■sT 

iO 

CO 

^o 

CO 

CN 

O 

r-~ 

O 

m 

CTl 

•* 

■X> 

o 

m 

JD 

vDlO 

T 

M 

a. 

i 

i— i 

9" 

O 

o 

o 

-X 

i-H 

H 

o 

co 

H 

rH 

* 

o 

H 

o 

* 

co 

o 

o 

CN 

OJ 

-x 

CO 

o 

CN 
H 

■H 

'  1 
-X 

O 

■a 
en 

CJ> 

•x 
rj 

o 

o 

m 

CM 

* 

vD 

ro 

rH 

-x 

,—4 

a 

U 

a 

Q 

O 

o 

O 

O 

o 

o 

o 

<r 

0 

u 

0) 

a 

+- 

3 

+- 

o 

4- 

o 

+- 

d 

4- 

o 

4- 

O 

4- 

o 

4- 

o 

i 

E 

m 

H 

■it 

rH 

in 

in 

rH 

X> 

m 

rH 

H 

m 

H 

^H 

rH 

m 

m 

^H 

r^ 

m 

rH 

H 

m 

H 

CM 

rH 

m 

rH 

<r|rH 

O 

rx 

w 

cx 

o 

o 

o 

o 

o 

(N 

H 

LO 

O 

rH 

o 

o 

O 

o 

O 

O 

o 

O 

o 

o 

o 

H 

o 

o 

o 

o 

rH 

O 

o 

o 

O    CM 

<r 

o 

ai 

a 

c_> 

o. 

*^ 

o 

o 

o 

o 

o 

o 

o 

H 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

^H 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

n 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

'•' 

V 

V 

V 

V 

V 

V 

V 

1 

^^ 

4- 

^ 

+- 

-5_ 

+- 

J-J. 

+- 

-ti 

4- 

^*. 

4- 

„ 

-i  - 

=s= 

4- 

^^ 

G 

E 

E 

o 

^H 

m 

'1 

o 

H 

m 

H 

m 

H 

in 

C  1 

in 

H 

m, 

rH 

o> 

M 

3 

ex 

j-i 

CM 

o 

O 

CM 

O 

— < 

^t 

o 

O 

rH 

o 

o 

CM 

o 

O 

CN 

o 

O 

<r 

o 

rH 

cm|o 

n 

_- 

•H 

a. 

• 

1 

B 

E 

9 

o 

O 

V 

* 

o 

V 

■x 

o 

O 

V 

o 

V 
•K 

o 

* 

o 

o 

o 

V 

* 

o 

V 

-K 

O 

o 

V 

O 

V 

* 

o 

V 
•X 

o 

o 

V 

o 

V 

* 

O 

o 

O 

'■/ 

o 

V 

* 

- 

* 

o 

o 

m 
V 

o 

V 

* 

o 

O 

o|o 

V     V 

* 

o 

00 

—< 

3 

cx 

£ 

o 

x 

iO 

o 

m 

iO 

in 

oc 

m 

C/3 

c 

o 

o  o 

ro 

CO 

iH 

a. 

m 

r^ 

iO 

0> 

o 

O 

m 

n 

>c 

Cl 

PL, 

H 

r» 

O     rH 

i    e  b 

r~-    rH     3     ex 
en     CO    *iH     CX 


B 

3  -^ 

•H  S 

E  cx 

-O  cx 

CO  ^ 
U 


| 

3 

•H 

E 

CO 

U 


O  E 
>-•  a 
o   cx 


o  e 
in  a. 
o    cx 


m    >h     3    cx 

(J    H     B, 


E  ^ 

3  E 

■H  CX 

in  a 


C  E 
<u  a. 
in    a. 


a.  o 
E    c 


rH    r~    rH    00 

on  cM|mUo 


-x 

rH 

o 
o 


CM    in    ON    rH 


-X 

H 

o 

o 


vo  olcMlml 
rH  m|oo|cN 


-x 

o 


o 

V 


<r  o\  n 
cm  o>|cn 

CM                rH 

en 
h| 

-x 

O 

o 

V 

'- 1 
o 

as 
m 

■x 
H 

o 

o 

V 

u3 

rn 

CO 
00 

lOl 

co| 
* 

rH 

o 
o 

V 

00 

'3--. 

30 

CN 

CO 

as) 
-x 

rH 

o 
o 

V 

00     rH 

O  r* 
en 

cnlrH 
O  <r 
■ — ( | 

-x 
H 

o 

z> 
J 

o 

V 


rH 

o 

m 
o 

^H 
O 

m 
O 

o 

in 
o 

■ — 1 1 

3 

m 
O 

H 

o 

V 

o 

V 

o 

V 

o 

V 

o 

V 

o 

V 

O 

V 

o 

V 

* 

r-i 
O 

o 


o 

V 


o 

V 


m 


-1- 

00 


in 
O 


m 
H 

O 

— i 

o 

O 

0.2* 
0.27 

CI 

o 

ON 

m 

o 

0.4* 
0.14 

O 

rH 

o 

0.2* 

0.31 

x> 

o 

rH 

CM 

m 

o 

0.4* 
0.91 

CO 
O 

0.50 
0.9* 

0.21 

rH 

o 

o 

0.3* 
0.48 

rH 

o 

m 

.-H 
O 

0.2* 
5.35 

CN   o 

<r|-<r 

-x 

CM 

.n 
—i 

o 


+- 


o 

V 


o 

-T 


o 

v 


O 


o 

V 


o 

-O 


O 

V 


o 

V 


o 


X 

CM 
O 
O 

-X 

a 

o 

-J 

o 
o 

-x 
C  J 

- 
O 

-x 

o 
- 1 
O 

-X 

o 

o 

* 

"  1 

O 

o 

* 

CN 

o 

O 

O 
V 

Q 

o 

o 

o 

o 

3 

V 

o 

on 
a 

CTN 

o 

H 

3N 

Pn 
3) 

CTn 

3 

rH 

"1 

C3> 

4C- 

o 
an 

0> 

CO 

CT> 

o 
r-s 

rH 

r~- 

CT- 

3> 
0> 

o 

0> 

rH 

CTi 

ro 
3> 

C3> 

G 

en 

o 
o> 

r^ 

•T. 

CO 

X 

o 

CTn 

rH 

CO 

o\  o 

0>    ON 

rH     CO 

r~  r-» 
on  on 

< 

rJ 

a 


3 

— 

cx 
- 
— 


3 
a 

3 
P 


3 

Cr 

3 


3d 

x 
3 
iJ 
cc- 

- 

3 


3 

rx 

.3 


3 

J 

a. 

3 
P 


CO 

in 

3 
& 

3 
P 


3     <m      C     0) 
CO      O     M     -P 


bO    -P     C     cd 


C/l     CO       fn     W 

TO 
W       W       t>>     10 


JO      JO     JO     J3 


W       10      W      W 


10 

n 

re; 

10 

>> 

!» 

:-. 

>. 

rH 

r-t 

r-i 

cS 

tn 

rt 

CH 

C 

C 

.: 

c 

< 

>c 

< 

< 

(0       O      rH 


IH      41      [H      « 


•H      JO     -H      CD 


0      r-H      01      10 


(0      CD      O      O 
CO     S     Z     0u 


16 


co 

H 
E5 
H 
O 

Ph    T3 

(1) 

O     3 

r-1    4-> 

s   o 

<3  o 


Q 

H 
U 

w 
rJ 


W     4J 
CO      CO 


tn  rJ 

O 

co  un 

O  ^-n 

H  CO 

H  rH 

<  r^ 
cj  o> 

rH 

PL,  v_^ 

O 

CO  iH 

W  CO 
CO 

>-l  4-1 

hJ  CD 

z  en 

<  OJ 
rd 

r-1  00 

u  re 

H 

w  c 

u 

<r 
Pn 

O  <D 

rH 

CO  J3 

H  cO 

J  H 
P 

CO  0) 

W  QJ 

Od  CO 

I 

u 

CO 
W 

m 

< 


I 

CO  ^v 

<u       a 

C-"       CX 

60   B     CX 
«     3^ 


co   ex 

CD    ex 
h4  ^ 


tj  a 

co  n)    o. 

<r        4   a 


c  a 

CN  o    p. 

<r        >j   ex 


1  eg     e 

— 1    ex  1-1    a 

<r   o   cd   ex 

c_>    a^- 


1 

E 

0 

IX 

M 

a. 

-T 

O 

aj 

ex 

u 
1 

p. 

- — 

0 

E 

E 

Ox 

m 

3 

a- 

m 

j= 

■H 

a 

u 

6 

^~s 

1 

E 

B 

00 

^H 

3 

(X 

CO 

td 

•H 

CX 

0 

0 

*— ' 

1  §  e 

r^  rH  3    ex 

co    cfl  -H    ex 

e_)  cj  w 


E 

3  r-v 

■h  e 

e  ex 
•a    ex 

e_> 


a 

3     .-N 

m      -h  a 

co  6  ex 
i3  ex 
<o  -^ 
u 


c  -^ 

o  a 

u  ex 

o  a 


c  ^ 

o  a 

1-1  ex 

o  a 

pa  v_- 

1 

^  a  a 

u   3  a 

CD   -H  ex 

M    rH  "■_- 


19 

•h  ex 

>-i  ex 

co  ■—- 
m 


a 

E 

cu 

ex 

to 

ex 

H 

* — * 

< 

•n 

r4 

m 

rt 

4J 

01 

to 

>H 

11 

ex  o 

a  c 

CO 


r —  li —  |c^>  I 

co|co|<l-| 


o 


o|o|o| 
v   v   v 


0|iH|vO 
CM 


IO    rH 

loo 


o 


O    CM 

in  vo 


KlEl 


m 
co 


cm 

o 


r-»  mlml 


v  o| 

V 


o 
CM  o 


00 


o[ 

V 


CN 
CJ 

o 
o 


in|m 

v 


o|o 

V    V 


0 
0- 

d 

on 

rH 

0 

CO 

CO 

in 
os\ 
h| 

a 

5 

SI 

0 
in 

St 

5| 

CN 

£|S 

4- 

0 

* 

rH 
O 

iH 

+- 
m 

* 

rH 
O 

+- 
O 

■K 
CN 

O 

rH 

O 

O 

0 

O 

V 

H 

O 

in 

r~- 

iHl 

in 

on 

IrHl 

+- 
m 

en 

k-M 

m 

vjIh 

O 

V 

rH 

o| 

V 

0 

V 

H 

o| 

V 

V 

H 

o| 

V 

0 
V 

cn|o 

V 

+- 

O    CX3 

•1- 

O           CX5   00 

Oil          =Sfc 
rH            O 

+- 

O         ,=«= 
CM    CX5  kD 

+- 

O 

O    CXl|fO 

O 
O 

fs)    CM   CM    O 
iH                     rH 

ro   O 
CM   CO 

O   <f  |0 

rH   -* 

H   rH 

mm 
<f  |oo 

* 

O 


o 


o 

v 


* 

rH 
O 


O 
V 


m 

o 


vO  ho 

oh 


CM    O 


*  * 

CM  O 

iH  CO 

iH  CM 


r^|c}0|oo| 

m|oo|cM 


H 

o 

O 


o 

V 


o 

V 


o  o| 

V    V 


m      ,vo 

O   HO 


m       w  1— 1 

O  HO  CM 


0  o| 

V    V 


o 

V 


o| 

V 


o 

V 

•X 

o 

o 
r» 


o| 

V 


co 


o 
o 


O  0|0  CO 
V     V 


CM    O 


o|o|o 

V  V 


m 

000 


000 

V     V     V 


O   MOO 


o  o| 

V    V 


o 

V 


V 

o 
*     • 

00  o 

o  -a- 


,-d- 

m 

rH 

m 

,rH 

CM    O 

0 

Osl 

O 

0 

CM    O 

o|o 

0 

0 

O 

0 

o|o 

V 

V 

V 

V    V 

* 

* 

* 

m 

* 

0 

0 
* 

COlcM 

<r 

0 

00  m 

ex,  Ko 

0 

c^ 

CM    CO 

CO 

rH 

H   H 

+- 

+- 

4- 

4- 

4- 

+- 

^H 

CN| 

vO 

col 

r»| 

C3 

r> 

0 

<o 

r~- 

as 

<T 

1  •— - 1 

r-~ 

CO 

CO 

CM 

vO 

CO 

C3S 

<t 

sD 

O 

H 

r-1 

O 

e» 

rl 

0 

0 

O 

m 

<r 

CO 

OS 

IO 

CM 

CO 

CO 

r^ 

OS 

O 

O 

r^ 

CM 

m 

rH 

^H 

H 

cn| 

-»: 

rH 
O 

d 

V 

i-i 

CN 

00 

H 

<r 

iH| 

-K 

rH 
O 

d 

V 

H| 

O 

O 
V 

* 

■H 
O 

O 

V 

H 

rH 

■K 

rH 
O 

O 

V 

rH 
O 

+- 

m 
0 

4- 

m 
0 

O 

V 

0 

V 

O 

V 

4- 
CN 

4- 

o 

V 


■i- 


o 

c-j 


o 

V 


o 


O 
V 


m 
o 


o 
v 


m 
o 


O 
V 


H  CO 

O    rH 


-K 
CN 


m 

CO 

CO 

7.1* 
0.75 

0 

O 

1.2* 
0.60 

01 
m 

0 

-X 

00 

0 

o 

V 


o 

o 


o 

V 


o 

V 


o 

CO 


O 
V 


o 


o 

V 


o 

V 


m 

H 
O 


O 

o 


CO 
O 

o 


O 

o 


o 
o 


-K 
CM 

o 
o 


-X 

CN 

o 
o 


CTi 

ON     O 

vO 

\D  r^ 

ON 

a\  as 

a 
3 

n 


ex 

3 

a 


CO 
CM 


ex 

3 
O 


^1 


cx 

3 

n 


c^  0 

H 

CJN 

ON 

0 

rH 

co 

O 

rH 

co 

ON 

rH 

CO 

ON 

0 

rH 

CO 

\D  r-- 

r^ 

vO 

vD 

r-» 

r^ 

r-~ 

r-- 

r^ 

r^ 

NO 

r- 

1 — 

NO 

r-~ 

r^ 

r-~ 

o>  a\ 

ON 

o> 

ON 

o> 

o> 

en 

cr\ 

ON 

CJN 

ON 

as 

On 

ON 

en 

CTN 

fTN 

H  H 

H 

rH 

.H 
vO 

rH 

CO 

^H 

^H 

^H 

H 

rH 

rH 

H 

CM 

rH 

PC 

rH 

H 

H 

CO 
H 

rH 

rH 

H 

c^ 

§ 

| 

rJ 

a 

H 
B 

rJ 

CX 

ex 

ex 

c 

C 

c 

3 

3 

3 

■H 

•H 

•H 

a 

O 

a 

3 

3 

3 

CO      O     H     -P 


w     tn     w    10 


w     w     w     w 


W         rQ  (fl  rQ 


ri 

•H 

rn 

+> 

C) 

rl 

m 

0 

nH 

id 

3 

+> 

rH 

•H 

J2 

Q. 

CU 

01 

C 

0) 

CO 

H 

ft 

el 

b 

-P 

IT 


HI 

B 

in 

c 

— | 

ex 

~* 

tx 

§ 

ex 

ct! 

— * 

t: 

■H 

CM 

^^ 

T3 

R 

<T 

EtJ 

ex 

-3- 

u 

ex 

hJ 

* — 

_ 

^ 

T3 

p. 

CO 

kj 

ex 

-3- 

u 

ex 

- 

- — 

C 

a 

cl 

O 

ex 

sr 

1-1 

ex 

I    CM  S 

— i     CX    U     CX 

<T     O     <U     CX 

t_)     CX^-' 


o   at<   a 
~s-   o   <u   a. 

C_>     CX*-' 


0    6  9" 

ct\   >-i    3   a. 

co  £  -H    ex 

OS1-' 


i  a  e 

oo  h  3    a 

co   eo  -h    ex 

CJ  CJ  v^ 


I 


I  e 

r~  H    3    ex 

ci   «  t(   a 

C_>     O  ^ 


B  O. 
-0  ex 
to  ^ 


,_^ 

in 

in 

•H 

B 

o 

(T| 

a 

ex 

• 

-i 

ex 

o 

CO 

s^ 

V 

U 

+- 

B 

^^ 

(N 

-* 

o 

a 

• 

m 

u 

ex 

r-~ 

o 

a 

co 

as 

^-' 

rt 

c 

^-^ 

ci 

0 

a 

co 

0 
BO 

ex 
ex 

1 

H 

^„^ 

+- 

n 

>n 

f= 

a 

H 

co 

M 

0 

ex 

• 

u 

■H 

ex 

O 

as 

H 

'fi 

V 

+- 

1 — 1 

■H 

ex 

o 

CO 

cd 

as 

ex 
*— • 

in 
o 

C 

S 

u 

ex 

00 

ex 

M 

— * 

< 

■o 

1-1 

1) 

cd 

tJ 

<u 

OB 

|H 

<U 

0) 

H       . 

ex  o 
B   c 
ca 
co 


h  io|m|in| 

r-»   sO|»»  ■* 


* 

O 

o 


m  -<r|r^|iH| 
vO  oo|no  in| 


* 

o 


on  oo  I r^ li —  I 

m  -3-|on|o 


o\  h        co 
m  cn        on 


o  m 

OH 


o| 

m|ON|H| 

m 

-T 

1-1 1 

m 

r~~ 

Hi 

ml 

i — 1 1 

m 

rH 

o|h|o| 

o 

CN 

o| 

o 

h 

o| 

o| 

o| 

"' 

O 

V           V 

V 

V 

■£- 

V 

V 

-t 

V 

V 

o 

^ 

+- 

:^ 

o 

o 

4 

r^|<r 

CN 

o 

r^ 

<t 

in 

-9 

oo 

lO 

col 

O 

o 

o 

in 

mo 

o 

vD 

O 

O 

iC 

o 

<r 

CN 

o 

CN  1 

m 

On! 

r^ 

CN 

CN 

tn 

-T 

CO 

in 

ro| 

h 

* 

* 

* 

CN 

ON 

on 

+- 

m         -3-  r-~ 

O   H  O   ON 

4- 

in  no 
O  O 

h|h 
o  o 

4- 

m             r-» 

O    H|nO|0 

4- 

m             id 

O    Hi         NO 

4- 

m  co 
o  o 

o  o|      O 

V     V 

O  O 

V 

o 

V 

o  o|o|h 

V     V 

O    o|         H 
V    V 

o 

V 

in 

m 

m 

H 

m 

in 

o 

CN 

o 

o 

CNlO 

o 

r  il 

o 

o 

o 

in 

o 

o|o 

V 

-K 

o 

■K 

O 

V 

o| 

V 

o 

on 

CN 

o  o 

O 

-O 

l-~ 

vO   H 
H  CN 

o 

H 

o 

CN 

o 


o 


o 


ON  H  <r  KO 

o  co  oo  h 


-4 

o 


o  m|iO|yD| 

O  r^|ON|CN 


•K 

O 


on  cN|-a-|ON| 
o  m|<r  r^l 

CN  CN 


m  m 
h  m 


oo 
cn 


°M 

o 

ro 

x> 

>* 

in 

cn 

-K 

ON 

o 

V 


Ol 


o 

V 


m 
O 

O 

m 
O 

^4 

o 

m 

o 

o 

m 
o 

lO 
CO 

O 

O 
V 

o 

V 

o 

V 

o 

V 

o 

V 

o 

V 

•£> 

00 
r^  cn 


c>\ 


-X) 


-k 
C/5 

ex, 


o 

V 


O 
CN 

O 


+- 
-4 

o 


o 
-J 


o 
m 


o 

o 


o 

V 


o 
o 


-K 

o 

-£> 
o 


ONOHcn        ONOHcn 
o  i —  r*»r^         vo  n  ^  f* 

ON  ON  ON  ON     ON  ON  ON  ON 


ON 

O  H  cn 

ON    o 

m 

ON     O 

\0 

r^  r^  r^ 

vo  r^ 

r«. 

iD  r^- 

ON 

ON    ON    ON 

ON    ON 

ON 

ON    ON 

'J. 
-J 
c: 
c 


as 

DO 

w 


3: 

o 
o 


as 

-o 
o 
o 


CO   O  M  -P 


W   CO   >>  W 


C     C  O  c 

•H  «H   O  *H 


W  Ul  W  10 

•H  'H  -H  -H 

10  10  10  10 

>>  >^  >>  f>) 

r4  rH  rH  rH 

n)  til  cj  cj 


BOH 


n)    x>    H    ** 


,  < 

e 

rH 

... 

u 

i. 

W 

'0 

'.'. 

01 

'.■ 

3) 

i> 

" 

^1 

rH 

i> 

W 

^H 

>1 

T1 

... 

r 

i. 

i: 

*  j 

*  1 

0 

m 

ai 

<) 

" 

M 

:•: 

.• 

cm 

18 


en 

H 
25 
H 
O 
pM 

o 
S3 
H 


P 

H  • 
O    C 

w   o 

W     4J 

co    cd 

CJ 

S    o 

O  rH 
P^ 

O 
CO    14-1 

o  ^ 
m    nj 

H   -H 

o  en 
H 

O 

CO  iH 
W  cd 
CO 

4-> 


en 

0) 
H 

w  c 
W  co 
u 

O    <U 

rH 
CO    -O 

H  cd 

hJ  H 
& 

CO  QJ 

W  QJ 

Cd  CO 

I 

P 

rn 

Cx] 

pq 
<3 

H 


a 

e 

o 

c 

& 

vD 

■H 

ex 

M 

w 

in 


o  e 


•h       e 

m  o   E   a 


■h         6 
r-.  -o-      ex 

"■>  o  e  ex 


a)  ^-v 

>  6 

.h  a. 

■h  a. 

co  ^-- 


a)  e  e 

U~l  rH  3  a. 

m  o>  -h  ex 

co  a  s~' 


i 

»)«  /— > 

<r  to    e  e 

"1  4-1     3  CX 

O    -H  CX 

PL,     CO  w 


I 

co  rt  e    6 

"0    4J  3      CX 

O  'H    O. 

P-  10   ^-, 


<U    E 
o   ex 


a)    E 

r-l         ^    ex 

m        u    a 


CM         /— v 

_    i  S^  E 

o  >-,  m    ex 

m  ai  3   ex 

X  o  — - 


i  >n  E 

o>  j_,  m    ex 

<r   o>  3   ex 

S  CJ    W 


I 

cd  cm  /-^ 

°o   oo  o)  E 

-3"   c    co  ex 

aj    o)  ex 


i 

r-»    ao  o)  E 

-3"    c  co  ex 

n)  oi  ex 

2  a  ^ 


CO  ^ 

cu  e 

Ccm  ex 

oo  e  ex 

cd    3  ^ 
2  -h 


T3 
U  OJ 
rrj  4_l 
0)     CO 

>-i     0) 


ex  o 
S  C 
cd 


U0  =*fc 
U1    CM 

+- 
o 

ON 

oo  <r 

+- 

m 

m  =s= 

O   CN 

+- 
o 

CN 

O   .H 

+- 
o 
in 

CN   ~* 

+- 

m 

rH 

o  \o 

+- 
o 

CO 

O  co 

CM 

o  o 

o 

o  o 

V 

o 

o  o 

V 

«* 

O   <f 

o 

rj\   CO 

o 

o 


in  =s= 
o  CM 


col             CO 
oo  i— llr^lcM 

<3-|                COl                       VO 

m  cMlcolin       i-(       cm 

CM 

fN 

rH 

mloolrHl                 m 

CO    O    O           H           CM 

CM 

d|o|d 

o|o|           o  cm|o 

o 

o 

v        v  <t\o 

o 

rH     QlO 

OS  rH 


-K 

o 


co|m| 
CM  | 


O 
5|CM 


O    CM 

m  m 


o|<f| 


+-       • 
CM    CM 


* 

O 


CO  O 


oolool 
<r|<H 


-K 

o 

o  o 
m  -* 

^H    CM 


o 


o  m 


CN  O 
H  CO 
H   CM 


V 

o 

V 

o 

V 

o 

V 

o 

V 

H 
cmIo 

+- 

rH 

r>l 

H 

o 

4- 

o 

H 
cmIo 

o|d 

V     V 

o 

V 

o 

V 

o 

V 

o 

V 

o|o 

V     V 

3   00 

in 

5 

^H   00 

CM    i-l 

rH 

CO 

co  co 

m  co 

oh 


o 
o 


-d-  oo 
r^  O 


o 
v 


N  to 

OH 


=s=  o 

-*  m 

co  r^ 

<T    rH 


+- 

H   ro  O  a\ 

vd  o  <r  co 

H    vO    H 


CO  H   H 

H  m  o  o 


* 

o 


o>  a\ 


o 

V 


CT\|H| 
A 


o 

V 


o  m 
cm  r^ 
00   -* 


<th 

ON  \<t\ 


o 

V 


CM    O 
O   O 


o|o 

V.  V 


in  m 
m  oo 


o 

V 

o 

V 

oo 

u-i 

ro 

o|o 

V     V 


o|o 
v  v 


o  o 

in    rH 

in  co 


o 
m  col 


r^  m  o 
cm  cokoUol 


o 

V 


vd  m  o 
cm  co|m|vo| 


o 

V 


r~~  co 

cm  oo  rHlvol 


o 

V 


O  r^ 
O  ^o 

rH 


mlvol 
oo|-h| 


o 

V 


cn  <*|oo|m| 


o 
o 


o 
o 


o 


CM 

o 
o 


m 

o 


CM 

O 

o 


o 

V 


CM 

o 
o 


CO 


CM 

ro 

o 

o 

o 

o 

o 

o 

m 

-* 

rH 

o 

O 

o 

o 

o 

o 

V 


o 


CM 

o 
o 


m  co 

cm  co|co|-*| 


o 

V 


O  00    00 

rH  00    O 

vo        m|co 


o 

V 


H 

<r  h 
o  o 
o  o 

d 


co 

<o 

o 

o 

o 

o 

o 

o 

o 


\0 

o 


00 

o 


<0.2 
2.1 

0.17t 

0.49 

CM 

O 

o 

<0.05* 

<0.2 
0.15 

o.iot 

0.42 

CM 

O 

o 

0.06t 

<0.5 
0.02 

0.07t 

4.7 
0.02 

0.06t 

1.4 
0.02 

0.06t 

<0.8 
0.11 

o 

■J: 

<■  m 

CO  -* 


cjn  o  h  co 

\0  r—  r~  r-~ 

o>  o^  o>  o> 


< 

s 

►J 
ex 

3 

a 


CO  o 
co  m 


ro 


a\  o 

v^)  r^  f —  (^ 

OS  os  o\  o\ 

rH  H  rH  rH 


3 

H 

ex 

3 
O 


vo  in 
in  so 


OS    O    rH    CO 

so  r^  r-~  t^~ 

CT>    CTi    CTn    C^ 


o 

O 


O^i  O  rH  CO 
vO  N  I —  f» 
OS   OS   OS   OS 


3 

ex 

3 

a 


3 

H 

ex 

3 
Q 


mO  O 
00   O 


CTi  O  rH  CO 
\0  r—  r-~  r~ 
Os   Os   OS    Os 


m 

\D 

3 

H 

ex 

3 

Q 


^   m 


OS  O  rH  CO 
O  r^  r^  r^ 
Os  Os  os  os 


< 

rH 

3 

ex 

3 

a 


CM 


Os  O  H  co 
vo  i^  r—  r-~ 
Os   OS   OS    OS 


H 

ex 

3 

a 


m 

O  CM 

<f  H 
CO  CM 


ON  O  rH  CO 
vD  r»  r^  r^ 
Os   Os    OS   Os 


pet 
m 

rJ 

ex 

3 
Q 


m    o  H  +> 


in    10  to  to 


19 


o 

NO 


CJl 

in 


CM  S~. 

u  b 

C  G. 

■H  Q. 


u    B 
c   a. 


S 

N  Q. 

E    & 
3  w 


^•a- 


S 

ex 

§3- 


4)  ,~-n 

>  e 

rH   a 
•h    a. 

C/3    'w 


e  e 

3  a. 

■H  D. 

C  — ' 


^    0]« 

^^ 

;?. m 

F= 

F: 

m  ^ 

3 

a 

o 

■H 

c_ 

eu 

(0 

^-' 

i 

m  £ 

1 

e 

3 

& 

o 

•H 

a 

PL| 

CO 

^^ 

CN 

m 


0)    E 


a>  E 
^  a. 
o    a. 


o 
in 

1 

>- 

>N 

E 

0) 

3 

& 

S 

U 

N— ' 

^ 

CTN 

i 

E 

0) 

3 

a 

2 

O 

s-' 

i 

crj< 

^^ 

tie 

U 

B 

3 

X 

Q, 

nj 

'J 

o. 

S 

3 

' 

i 

^ 

oo 

<U 

S 

c 

■J) 

a. 

rrj 

V 

a. 

2 

c 

i 
en 

^ 

CD 

B 

CN 

C_ 

00 

f-^ 

a 

Ed 

3 

— - 

£ 

•H 

■a 

M 

u 

« 

4-1 

11 

■ft 

Jh 

01 

CX  o 

E   c 
cd 


UO   =S=  O 

O  O        r-» 


o 


O 
V 


in 

o 


o 
o 


o 

H 

o 


m  m 
o  o 


m  =5s= 
co  -a- 


m  in  =«5 

N    O    O 


rH  kO 

o  Ko 


o 


in 
oo 


Olml 
oo|nd|no| 


o 

V 


CN 
CM 


OO    rH 
OO  r~ 


cm  <r 


<r  p  h 

pimp 


m 
H 


nO  CTN 
co  CN 
CM    OJ 


co  o  O 
o  v   v 


* 

=s=  o 

o  o 

O   O 

CN    o 


nO 

m 

m 

-1- 

H 

00 

r^- 

^c 

O 

rj 

rH 

H 

o|o 

V 


cj 
O 


O 

V 


o 
o 


o 

V 


o 
o 


-*  CM 

CM    rH 


CTN   CM 
CM  \<t\ 

CI     rH 


in 


m  r^ 

\D  NO 


m  co  o 
O  o|  v 


o  CO 
cm  in 


o  no  oo 

H*k 


o 

o 


o 

V 


o 

V 


co  r~- 


o 

V 


m  oo 
no  \<f\ 


o 

V 


NO  -* 
in  in 


ctn 

00    vol 


O 

v' 


O 


O 


o 

H 


CO 


o 

V 


o 

V 


o|o 

V    V 


in  o 
-*  CM 

■—I  no 


CO   O 

o|o 


no  m 

NO    rH 


o  o|o 

V  V 


cm  <r 

CO    CO 


o|o 

V     V 


NO     rH 

NO    rH 


-*    On 


m 

oo 


O    ON 

CM    .H 

cm  -a* 


co  rv 
in  m 


o 


vo  blco 


|      o-  co|m| 


o>  oo 
co  co 


o 

V 


o 

V 


m 
o 


CM 

O 


<r 

CO 

vO 

o 

O 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 


oo 

vO 

o 

o 

o 

o 

o 

o 

m 
O 


w 

Oh 


CJ 

H 

o 


o|o 

V 


ro 
oo 


CJ 

o 


O 


vD   O 

<r  co 


O    rH    CO  CTi 

r^  r~-  r~        \o 

<J\   CTv  CJv  CTn 


00 


o 


a 

a 
a 


a 

3 

a 


ON    O 

vo  r^ 

CTn   CTN 


a. 

3 

a 


CM 


a. 

3 


NO 

m 


CTN    O     rH  CTN 

nd  r~»  r»        no 

CTn   CTN   CTN  CTN 


a. 

3 

a 


ex 

3 
P 


CO 

o 


o 

co|o 


o  o 

NO    o 
CO   CM 


CTn  O  rH  CO 
nO  !-»  r^  r^ 
CTN   CTN   CTN   CTn 


fX 

3 


o 

vO 


o 
o 


o 


00   o 

vD 
O 
O 

eg 

o 

+- 

o 

CJ 

CTN 

CO 

CTN 

NO 

o| 

o 

o 

o 

o 

O 

O 

m  o 
co  o 


r-~  r~~  r^ 


O  O 
m  <T 


CTN    rH    CO 

CTn    O 

rH     CO 

no  r^  r~ 

no  r-» 

r~  r~. 

CTN    CTn    CTN 

CTN    CTN 

CTN    CTN 

■s 

a 

c 


3 

a 


c 


3    nh     C     nj 


rH       Cfl      -H       C 


ft 

o 

O 

tn 
0 

£ 

;, 

■  i 

II) 

Hi 

Fh 

-I-:. 

.--i 

■i  1 

tfl 

v 

> 

P 

0 

c 

CO 

in 

tl) 

W      W      >i     w 


>>       >5       >5       >5 

40     ^Q     ,□     ^1 


)■'■) 

r/J 

w 

w 

H 

■H 

■H 

■H 

10 

in 

(.') 

I/l 

>. 

;-. 

:-. 

I- 

rH 

H 

rH 

rH 

^ 

ni 

111 

-1 

c 

C 

c 

c 

<    <   <   < 


rt    -P     Co     a) 


n)    -p    e-i    -P 


E    -P    -P    O 
nj     <u     o     O 

00     S    Z    Cv, 


20 


co 

H 

z 

H 

O 

Ph 

^D 

e> 

OJ 

a 

3 

H 

C 

-J 

•H 

p 

y 

s 

c 

<t] 

o 

w 

u 

p 

1 

w 

H 

r~S 

u 

• 

w 

G 

►J 

O 

U 

•H 

CO 

li 

ctj 

s 

o 

o 

o 

Pri 

H 

fe 

M 

C/J 

O 

Z 

'4-J 

o 

H 

^^ 

H 

CO 

< 

rH 

CJ 

r^ 

ON 

fin 

H 

O 

v-' 

CO 

. 

w 

H 

CO 

CT) 

(H 

J 

4-1 

<: 

CU 

to 

(U 

3 

J3 

oo 

u 

3 

H 

Bd 

S 

g 

T3 

a 

a 

u 

CD 

Pn 

<r 

o 

0J 

CO 

rH 

H 

,-Q 

J 

ctj 

C3 

H 

CO 

W 

0) 

cd 

QJ 

CO 

1 

-^ 

Q 

m 

w 

J 

eq 

•^ 

H 

o 

sD 


ON 

in 


CM  ^-\ 

o  B 

c  a 

CM  w 


o  0 

c  a. 

•H  &. 

CM  v^ 


•H  B 

T3  CM         ex 

O    0    & 


■h         B 
T3—       CX 

O    B    Cu 

w    3  v-' 


t-i 

0)  -^ 
>  B 
■-h  a, 
•h   a- 

C/N   *_• 


0) 


B 
a 

a)  ih  o. 

to   3  ^ 


CO  cm      ^-s 

«    B   B 
•U    3    D- 

o  -h  a, 

fl.   (1)^ 


I 

C0~  /-N 

^   n)    B  S 

10    o  -r4  a. 

PL|      CO  ^-" 


cu   B 

X    p. 

a   a. 


cu  B 
^  a 
o   a. 


1 

>, 

B 

u 

U 

o- 

(U 

3 

a 

a 

CJ 

w 

i 

>s 

B 

>j 

U 

p. 

01 

0 

D. 

£ 

u 

w 

5  2P  cu   E 
co   cu  a. 


i 

CO-  ^ 

£   op  cu  B 
^    C    to  co- 
co   cu  a, 


CO 

cu 

CCM 

60   B 
cd    3 

S    -H 


>h  CU 

CO  4J 

CU  CO 

>-.  CU 


CU 

.-I  . 
ex  o 
B    C 

CO 


co  O 

O    CNI 


o 

"1 


oo 


cm  r-~  cni 

O     r-HO 


co   O 

CO    SO 
CO    CO 


OO  O  00  O 
•*  CO  NO 

CO    CO    «*    i-l| 


m 
O 

CM 

rH 

O 

CN 

O 

V 

Sftj 

o 

CO 

m 

00   CO 

Mo|o 


. 

so 

O 

<* 

-* 

H 

CN 

ol 

<r 

<f 

ON 

CO 

u"> 

o 


rH 

+- 

. 

CO 

00 

on 

<t 

r^J 

CO 

o 
-* 


o 

V 


oo  <r 
on  r-- 


o 

V 


r-MO 

CM    CO 


o|o 

V    V 


o 

V 


o|o 

V     V 


co  in 


V 


u-l 


O   CM 


o 

V 


o 

V 


SO 

+-    • 

O    ON 

o 

O    ON 

ON 

ON    CM 

ON 

.-H 

CN 

o 

V 


o 

o 


o 
Ln 


O   O   ON 

cm  oo  oo  <r 


o 

V 


00    00 
vD   O 


00 

+-    • 
oo  oo 


as 


CO 

O    sD 

o 

ON    00 

vO 

r~-  r-^ 

CM 

tH 

m 

o 


o 


o 
v 


o 

V 


CM 

o 


O 


CO 

■sT 

^H 

O 

o 

o 

o 

o 

— 

CM 

H 

o 

o 

o 

o 

o 

rH 

m 

rH 

o 

O 

o 

o 

o 

+- 

on  r--. 

o        oolo 


o 

sO 


CM 
CO    O 


O  r^ 
m  co 


ON   O   rH   co 

\o  r>  n  r^ 

ON    ON    ON    ON 


m  m 
o  in 


co 
co 


o 

o 


ONOrHCO  ONOr-HCO 

sor —  r^r^        sor^r^r^ 

ONONONON  ONONONON 


ON    O 

CO 

ON   O 

so  r-» 

r~- 

so  r~~ 

ON    ON 

CJN 

ON    ON 

3 

rJ 

a 

c 

•H 


oa 

rJ 

rH 
UJ 


3 

rJ 
T3 
O 

o 
3 


PQ 
vD 
3 

rJ 

-a 
o 
o 
3 


3 


CN 
3 

rJ 


^fe 

-P 

•7-1 

o 

nl 

3 

<r 

U 

rH 

o 

C) 

sO 

^3 
o! 

C 
•iH 

>a 

^3 

o 

CI) 

0 

■H 

> 

PL! 

4J 

^ 

<-> 

0 

3 

In 

c 

CI) 

CO 

0 

H 

•P 
0 

H 

■P 

U 

cd 

C 

to 

CU 

o 

01 

l> 

•H 

H 

c> 

rH 

b|) 

+> 

c 

Cfl 

CJ 

fn 

(II 

■P 

M 

01 

•H 

c 

O 

W 

o 

<1> 

CD 

<1) 

7/1 

a 

H 

0 

sc 

0 

CJ) 

C) 

(1) 

u 

-p 

+3 

< 

■H 

CO 

crl 

■^ 

> 

4-> 

4-> 

o 

a 

CO 

CO 

1, 

T1 

UJ 

7/1 

(0 

>J 

?/) 

■H 

•H 

:r: 

■H 

aj 

ja 

a 

ja 

[/) 

7/1 

70 

70 

•H 

•H 

■H 

•H 

7/J 

70 

TO 

10 

:-. 

l>S 

>> 

r--, 

H 

rH 

H 

cd 

cd 

cd 

n 

C 

C 

C 

.: 

< 

< 

< 

■:: 

nj  -P  <D  oj 

w  jo  cd  J3 

•H  3  Fh  nj 

to  w  E-<  -P 


0)     rH      <D       W 


a    <v    o    o 


21 


TABLE  4  -  WELLS  SAMPLED,  SAMPLING  POINTS  OR  ZONES,  AND  AGE  OF  REFUSE 


Well 


Sampled  zone 


Age  of  nearest  refuse 


Du  Page 
DupLW6a 

DupLW14 

DupLW15 

DupLW16 

DupLW6B 

DupLW12A 

DupLWllA 

DupLW5B 

DupMM79 

DupMM48 

DupMM59 

DupMM23 

DupMM42 

DupMM44 

DupMM61 

DupMM63 

Winnetka 

WinnLW17 

WinnLWIOA 

WinnLW12 

WinnLW13 

WinnLW5B 

Elgin 

ElgLW6B 
Woodstock 
WoodLW6B 
Blackwell  Forest 


Interbedded  sand,  well  not  polluted,  1952 
samples  17.33'  below  top  of  till 

Samples  15.19*  below  top  of  till  1952 

Samples  4.31'  below  top  of  till  1952 

Samples  2.57'  below  top  of  till  1952 

Screen  5'  below  base  of  refuse  1952 

Samples  7.47'  below  top  of  till  1963 

Samples  2.30'  below  top  of  till  1963 

Screen  3'  below  refuse  in  sand  1963 

Samples  middle  of  surficial  sand  900'  1957 
south  of  fill 

Samples  surficial  sand  650'  south  of  1957 
fill 

Samples  base  of  surficial  sand  325'  1957 
south  of  fill 

Samples  middle  of  surficial  sand  250'  1957 
south  of  fill 

Samples  surficial  sand  39'  south  of  fill  1957 

Samples  surficial  sand  30'  south  of  fill  1957 

Samples  refuse  1955 

Samples  near  base  of  refuse  1960 

Samples  near  base  of  refuse  (7/11/67)  1967 

Samples  till  23'  below  refuse  1967 

Samples  transition  zone,  7'  below  refuse  1953 

Samples  refuse  1953 

Samples  refuse  1948 

Samples  near  base  of  refuse  1964 

Samples  near  base  of  refuse  1961? 
Preserve 


BlkLWl 


BlkLW2 


Samples  refuse  probably  "squeezed"  leachate, 
in  part 

Samples  refuse  probably  "squeezed"  leachate, 
in  part 


*See  Hughes  et  al.  (1971a)  for  maps  of  the  landfills. 
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DISCUSSION 

The  data  presented  apply  only  to  landfills  investigated  in  this 
study,  and  cannot  he  directly  extrapolated  to  other  landfills  in  other  areas. 
However,  there  are  a  number  of  general  conclusions  that  can  he  made: 

1)  Infiltration  into,  and  presumahly  discharge  from,  a  landfill  is 
primarily  dependent  on  precipitation  hut  it  is  also  strongly  af- 
fected "by  such  factors  as  winter  thaw,  runoff  (particularly  from 
frozen  ground),  evapo-transpiration,  and  the  time  "between  pre- 
cipitation events.   Somewhat  less  than  one-half  of  the  precipi- 
tation on  the  landfill  infiltrated  to  produce  leachate.   Covers 
on  the  landfills  were  not  constructed  to  reduce  infiltration; 
they  were  relatively  flat  and  not  suitahly  sloped  for  good 
drainage . 

2)  It  required  k   to  7  years  to  "bring  the  refuse  in  these  disposal 
sites  to  field  capacity  and  10  to  15  years  to  complete  the  growth 
of  the  ground-water  mounds. 

3)  Dissolved  solids  that  are  produced  from  the  leaching  of  refuse 
are  removed  from  the  ground  water  in  varying  amounts  as  they  move 
into  the  subsurface.   The  data  presented  here  reflected  atten- 
uation under  saturated  flow  conditions  "below  the  water  table. 

h)   Strictly  speaking,  all  of  the  landfills  studied  in  this  investi- 
gation contaminated  the  ground  water.   However,  in  no  case  was 
the  degree  of  contamination  great  enough  to  have  an  appreciable 
or  noticeable  effect  on  a  nearby  ground-  or  surface-water  re- 
source.  In  each  case,  for  the  past  20  to  30  years,  the  surround- 
ing environment  has  been  able  to  accept  the  contaminants  from  the 
landfill  without  a  significant  adverse  effect. 
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APPENDIX 


ANALYTICAL  PROCEDURES 


Substance 

1969 

1970 

1971 

1973 

Tenco 

ISGS 

ISDPH 

ISGS    ISDPH 

ISGS    IEPA 

ISGS    IEPA 

Alkalinity 

1 

Biological  oxygen  demand 

2 

Chemical  oxygen  demand 

2 

Conductivity 

- 

Total  hardness 

3 

Hexane  solubles 

4 

M.B.A.S. 

5 

Pesticides 

6 

pH 

- 

Total  dissolved  solids 

23 

Ammonia 

- 

Bicarbonate 

- 

Bromine 

- 

Carbonate 

- 

Chlorine 

7 

Cyanide 

8 

Fluoride 

9 

Nitrate  nitrogen 

10 

Phosphate 

2 

Sulfate 

11 

Aluminum 

12 

Arsenic 

12 

Barium 

12 

Boron 

5 

Cadmium 

12 

Calcium 

12 

Chromium 

12 

Copper 

12 

Iron 

12 

Lead 

12 

Magnesium 

12 

Manganese 

12 

Mercury 

- 

Nickel 

- 

Potassium 

12 

Selenium 

12 

Silver 

12 

Zinc 

12 

14 


16 


12 


14 


14 
23 

22 

22 

3 


19 

19 


12 


12 

3 

12 

3 


20 


12 


13 

2 


17 


10 

5 


14 


14 
23 

22 
16 


19 
19 

16 


3 

12 
12 

3 
12 

3 
16 
16 

20 
16 

12 


21 
15 


17 


11 


12 


12 


12 


12 


14 


14 
23 

22 
16 


19 
16 


12 

3 

12 

12 

3 

16 

16 
12 
20 
16 

12 


3 

21 

15 
3 


17 


17 

18 
17 
17 
17 

12 

17 
12 
12 
12 
12 
12 
12 
12 
12 
5 

12 
12 
12 
12 
12 


Note:   Analytical  procedures  that  were  used  in  the  laboratories  have  been  numbered  and  are 
listed  on  page  24  of  the  appendix.   Analyses  were  made  at  the  following  laboratories: 

Tenco  -  Tenco  Hydro/Aerosciences ,  Inc. 

ISGS  -  Illinois  State  Geological  Survey 

ISDPH  -  Illinois  State  Department  of  Public  Health 

IEPA  -  Illinois  Environmental  Protection  Agency 
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24 
PROCEDURES 


1  -  Potentiometric  method.  SM,  p.  368* 

2  -  SM  -  20  day* 

3  -  Titrated.  SM* 

4  -  FWPA  method  -  antimony  tartrate,  ascorbic  acid 

5  -  Spectrophotometric 

6  -  Federal  Water  Pollution  Control  Agency  (Federal  Water  Quality  Agency) 

7  -  Argentometric 

8  -  Pyridine  -  pyralzolone.   SM,  p.  455* 

9  -  SPADNS  -  SM,  p.  144* 

10  -  Phenyldisulf onic  acid 

11  -  Turbidimetric 

12  -  Atomic  absorption  spectrophotometry 

13  -  SM  -  5  day* 

14  -  Conductivity  -  meter  in  field.   pH  -  meter  and  paper  in  field. 

15  -  Meter  in  laboratory 

16  -  Instrumental  nucle'ar  activation  analysis 

17  -  Technicon 

18  -  Ion  specific  electrode 

19  -  Precipitation  as  phosphomolybdate 

20  -  Flame  photometry 

21  -  Reflux  method.   SM* 

22  -  Double  titration 

23  -  Volumetric  evaporation. 

*Procedures  used  are  outlined  in  American  Public  Health  Association,  American 
Water  Works  Association,  and  Water  Pollution  Control  Federation,  19^5»  Standard 
methods  for  the  examination  of  water  and  wastewater  including  bottom  sediments 
and  sludges:   12th  ed.,  New  York,  American  Public  Health  Associations,  769  P» 

Readers  may  contact  the  Illinois  State  Geological  Survey,  Natural  Resources 
Building,  Urbana,  IL  618OI  for  a  more  detailed  description  of  specific  methods. 


ENVIRONMENTAL  GEOLOGY  NOTES  SERIES 
(Exclusive  of  Lake  Michigan  Bottom  Studies) 

Controlled  Drilling  Program  in  Northeastern  Illinois.   1965 . 

Data  from  Controlled  Drilling  Program  in  Du  Page  County,  Illinois.   1965. 

Activities  in  Environmental  Geology  in  Northeastern  Illinois.   1965 . 

Geological  and  Geophysical  Investigations  for  a  Ground-Water  Supply  at  Macomb,  Illinois.   1965. 

Problems  in  Providing  Minerals  for  an  Expanding  Population.   1965. 

Data  from  Controlled  Drilling  Program  in  Kane,  Kendall,  and  De  Kalb  Counties,  Illinois.   1965. 

Data  from  Controlled  Drilling  Program  in  McHenry  County,  Illinois.   1965. 

An  Application  of  Geologic  Information  to  Land  Use  in  the  Chicago  Metropolitan  Region.   1966. 

Data  from  Controlled  Drilling  Program  in  Lake  County  and  the  Northern  Part  of  Cook  County,  Illinois.   1966. 

Data  from  Controlled  Drilling  Program  in  Will  and  Southern  Cook  Counties,  Illinois.   1966. 

Ground-Water  Supplies  Along  the  Interstate  Highway  System  in  Illinois.   1966. 

Effects  of  a  Soap,  a  Detergent,  and  a  Water  Softener  on  the  Plasticity  of  Earth  Materials.   1966. 

Geologic  Factors  in  Dam  and  Reservoir  Planning.   1966. 

Geologic  Studies  as  an  Aid  to  Ground-Water  Management.   1967. 

Hydrogeology  at  Shelbyville,  Illinois — A  Basis  for  Water  Resources  Planning.   1967. 

Urban  Expansion — An  Opportunity  and  a  Challenge  to  Industrial  Mineral  Producers.   1967. 

Selection  of  Refuse  Disposal  Sites  in  Northeastern  Illinois.   1967. 

Geological  Information  for  Managing  the  Environment.   1967. 

Geology  and  Engineering  Characteristics  of  Some  Surface  Materials  in  McHenry  County,  Illinois.   1968. 

Disposal  of  Wastes:   Scientific  and  Administrative  Considerations.   1968. 

Mineralogy  and  Petrography  of  Carbonate  Rocks  Related  to  Control  of  Sulfur  Dioxide  in  Flue  Gases— A  Preliminary  Report.   1968. 

Geologic  Factors  in  Community  Development  at  Naperville,  Illinois.   1968. 

Effects  of  Waste  Effluents  on  the  Plasticity  of  Earth  Materials.   1968. 

Notes  on  the  Earthquake  of  November  9,  1968,  in  Southern  Illinois.   1968. 

Preliminary  Geological  Evaluation  of  Dam  and  Reservoir  Sites  in  McHenry  County,  Illinois.   1969. 

Hydrogeologic  Data  from  Four  Landfills  in  Northeastern  Illinois.   1969. 

Evaluating  Sanitary  Landfill  Sites  in  Illinois.   19&9- 

Radiocarbon  Dating  at  the  Illinois  State  Geological  Survey.   1969. 

Coordinated  Mapping  of  Geology  and  Soils  for  Land-Use  Planning.   1969. 

Geologic  Investigation  of  the  Site  for  an  Environmental  Pollution  Study.   1970. 

Geology  for  Planning  in  De  Kalb  County,  Illinois.   1970. 

Sulfur  Reduction  of  Illinois  Coals — Washability  Tests.   1970. 

Geology  for  Planning  at  Crescent  City,  Illinois.   1970. 

Petrographic  and  Mineralogical  Characteristics  of  Carbonate  Rocks  Related  to  Sorption  of  Sulfur  Oxides  in  Flue  Gases.   1970. 

Power  and  the  Environment — A  Potential  Crisis  in  Energy  Supply.   1970. 

A  Geologist  Views  the  Environment.   1971. 

Mercury  Content  of  Illinois  Coals.   1971. 

Summary  of  Findings  on  Solid  Waste  Disposal  Sites  in  Northeastern  Illinois.   1971. 

Land-Use  Problems  in  Illinois.   1971. 

Landslides  Along  the  Illinois  River  Valley  South  and  West  of  La  Salle  and  Peru,  Illinois.   1971. 

Environmental  Quality  Control  and  Minerals.   1971- 

Petrographic  Properties  of  Carbonate  Rocks  Related  to  Their  Sorption  of  Sulfur  Dioxide.   1971. 

Hydrogeologic  Considerations  in  the  Siting  and  Design  of  Landfills.   1972. 

Preliminary  Geologic  Investigations  of  Rock  Tunnel  Sites  for  Flood  and  Pollution  Control  in  the  Greater  Chicago  Area.   1972. 

Data  from  Controlled  Drilling  Program  in  Du  Page,  Kane,  and  Kendall  Counties,  Illinois.   1972. 
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